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(57) Abstract: The problem of the invention is to provide an economical process with little toxic hazard for the production of 
aromatic compounds having various substituents such as alkyl, and the problem is solved by a process for the production of aromatic 
compounds represented by the general formula (1) which is characterized by reacting a compound represented by the general formula 
(2) with an aromatic magnesium reagent represented by the general formula (3a) in the presence of an iron catalyst and a diamine: 
(W) wherein R is an optionally substituted hydrocarbon group or a saturated or unsaturated C3.10 cyclic group; A is an optionally 
substituted C4.20 aromatic group or an optionally substituted heteroaromatic group; X is halogeno or a sulfonic ester group; and 
is bromo, iodo, chloro, or a carbanion ligand . 



wo 2005/075384 Al I lllll 111 II ill fill III 11 II I II III III 



(57) mm-. 

PT^y^t^m^^r. TIH^ (2) T^^n^fb^^i:. (3 a) 

R— X (2) + A-Mg-Y^ (3a) ..^^^ R--A (1) 



wo 2005/075384 



PCT/JP2005/002529 



10 nmmm ' ■ ■■ ■ ■ " ■ ' ' ' . " 

"^^Z^^ti^M^tlXV^Tc. (Hayashi, T. ; Konishi, M. ; Kobori, Y. ; Kumada, 
M. ; Hlguchi, T. ; Hirotsu, K. /. Am. Cbem. Soc. 1984, 106, 158-163^ 
Ogasawara, M. .; Yoshida, K. ; Hayashi, T. Organometal 1 ics, 2000, 19, 
20 ■ 1567-157K Doherty, S. ; Knight, J. ; Robins, E, G. ; Scanlan, T. H. ; 
Champkin, P. A. Clegg, W. /. Am. Cbem. Soc. 2001, 123, 5110-5111) o 



1 



wo 2005/075384 



.PCT/JP2005/002529 



^-^^ (Terao, J. ; Naitoh, Y. ; Kuniyasu, H. ; Kambe, N. Cbem. Lett. 2003,' 

5 32, 890-901) >^X>|B{4^#ffiTil't'r.^y ^;i/§M«i: bTAn^^'fb 

(Terao, J. ; Ikumi, A. ; Kuniyasu, H. ; Kambe, N. /. Am. Cbem. Soc. 2003, 
. 125, 5646-5647) fe^SnXV^^o 

^RJ^^ (Zhou, J.; Fu, G. C. /. Am. Cbem. Soc. 2003, 125, 12527-12530, 
Tang, H. ; Menzel, K. ; Fu, G. C. Angew. Cbem., Int.. Ed. 2003, 5079-5082, 
Lee, J.-Y. ; Fu, G. C. /. Am. Cbem. Soc. 2003, 125, 5616-5617.) fe^ 

15 6)^X1/^^0 

SJiS^-&^a:V^-5>b^?^fe^e.tlXVi§ (Zhou, J.; Fu, G. C. /. Am. Cbem. 
Soc. 2004, 125, 1340-1341) o 31 (Z);;^?* J;n«\ ffi^ CD^— MT;P4^;1/ 



2 



wo 2005/075384 



PCT/JP2005/002529 



•^■^^ t\^^^:^Bi-fy^^BtlX\^^^ (Furstner, A.; Leitner, A. Angew. CJiem., Int. 
Ed. 2002, 41, 609-612. Furstner, A.; Leitner, A.; Mendez, M. ; Krause, H. 
/. Am. Cbem. Soc. 2002, 124, 13856-13863. ^ffl^ii^^ 2003/0220498) o ' 

^AUMt(Dtly:/V>^^K}^^nv:^^'^^^BtlX^>^ (Martin, R. : 
Furstner, A.; Angew. Cbem., Int. Ed. 2004, 43, 3955-3957.) o b^O^b 

W^^^m.^^. mrn^y^- h^tHD>'^> (THF) 6> >^x5^;px-5^;i/tc:^;l 
(Nagano, T. ; Hayashi, T. Org. Lett. 2004, ff, 1297-1299.) o L-^^Vti. 

T^m^nx^/^rco 



3 



wo 2005/075384 



PCT/JP2005/002529 



R-A (1) 

10 fnM«^.L< }CTlgfp3g»-rfeoT, tutBk«^ m^M^xfe-N (B) 

0 ^^b7Jcm»^ X tMm» b T T ^fe C 1 ~ C 1 0 ^ ^ v':^ >'^^- 

^ (2) "c^-^n^^h^mt. 

R-X (2) 

"^;i/T^§o, ]. TtB^' (3 a) T^$n^^#;^V^*^^'v-T>AM^..i. 
20 ' A-Mg -Y^ ■ (3 a)' 

25 3t:;^^T^oT. i^r^y^t^m^^T. TIBs^ (3 a) T^$n^5f#i^ 
A-Mg-yi (3a) 



4 



wo 2005/075384 



PCT/JP2005/002529 



Z^-Zn-Z^ (4b) 
R-X (2) 

15 A-L i (3 c) 

[^4^^ A«-hfB®*5fe§#T§o ] TtB^ (4 b) T^^tl^M^^b-^J^ 

Z^-Zn-Z^ (4b) 
ni^A. ;n:7-'^a. 'i7AjS:tKT;v^n'5'A:i&^6/^cC^I¥cfc Dig^^n^— 
^M^#ffiTs MfBSJSB'&tii. TWB^ (2) T^$n^<b^#;<h/ 
25 R-X ( 2 ) 

[^4'^ R«±tB(D-fti*^#1-^o X«. /Nny>M^X^*x;i/3!}^>mxx 



5 



wo 2005/075384 



PCT/JP2005/002529 



A-Zn-Y^ (3b) 
Z^-Mg-Z^ (4a) 

10 mx^/bo ] mmmw^T. mmKmm^mt. tib^ (2) x^-^n^^t 

R-X (2) . 

20' \tL^x^^z.ttim-^\^\^^o 

. ^Tz. ^mm(Dmimm-^m4mm\z^^^x. am. mmm^mvxv^x 

25 d; C 4 ~ C 2 0 T U -2) ;i i:;?>W^ b V^o 

2^^ig©^3^atC*5ViT. TIB^ (4 c) 

$ n ^ ^M'fb'&i^T 2& o T J: o 
• M (Z 0 „ ■ (4 c) . • 



6 



wo 2005/075384 



PCT/JP2005/002529 



10 



15 



20 



xm-^n^it^mt. rm^ (3 a) x^-^n^i^^m'^^^-zy^j^mmt 



R— X (2) + A-Mg-Y^ (3a) 



R— A (1) 



R-X (2) 



7 



wo 2005/075384 PCT/JP2005/002529 

10 ':$^mm(Dmi fMm\zm^x. Rx^^n^-^c2--c3^mt7Kmsi (Dm. 

m'Ji^xh^i^^'u. ^^-^^nxh^i^^o .r-Cg—Cg-o^'ftiTfcmsj ten. Ca 

15 ~C3oT;i-^;1/>^xz:;i/S. C7~C3oTU";1/t;p^;1/S^ C3~C3oe^ 
^uyjp^^jvm. C3~C3o>'^DT;i/^n;i/S> (C3~Ci5S/i7DT;v 

c 2 ~ c 1 5 t;v^;1/*t^ ^ :i i f)m ^ b < . c 4.-< c ; 2 T;i/4^;k«TS $ 

:7°nl:f;K -ryyDlf;W n-^^JV. sec-':f^)V. tert-^^)V. ^>5^ 

;k ^^>^;i/. \^y^:fy=i)vm^m^f^zLti!)^x^^o 

:$^mm(Dmi-BM\z^v^x. RX^-^n^ rc3~C3oT;i'^:n;vSj u 
- C3~Ci57';i/^n;i/a-ea&§:ich;^W^b<^ c 4~c 1 o^^i^^^-^v* 
25 X&^:it^^M^z&^V\^^o T)V^:=^JV&<DmtVX}it. MMt^iDnxi-^ 
r^M^. 2- :/n^:n;K 2 - p^^j]/- 2 -y'u^-jv. 2-^^)Vr^))V 
. 2-:/-T-r:;i/. 3-^5=-— ;K A- ^>'r:=^)Vm^mVf^z.hifiX'^^o 

^mmo^miMmz^^^^x. Rx^^n^ rcg^CgoT;^^^-;!/*]' 

8 



wo 2005/075384 



PCT/JP2005/002529 



bT«^ f|!iRS-r^:b^ti?ti/'d;Vi/$?5, 3, 5 -^^iJ-e^xx;l/^^^^f^;l<^:• 
/O^^T#§o 

2, 2-i^>'xx;i/x^;k. 3 - >'aix;i/yntf;i/, 4-:7acx 
aix;i/X9^;i/. 3 -:7xx;i/yn tf;K 4 - >^aix;v:/9^;i/. 5-:7xx;i/ 
iM^^c^fev^T. RT^^ti^ rc3~C3o>^i7PT;i/^;i/»j 

20' :^mM(DmiWM\Z^\/^X. RT^$n^ rC3~C3o5>^OT;i/<^r-;i/ 

' «j C3~Cio>'^DT;i/^x;i/*-ei&^;i<h5&w^bVi„ e/i;7DT;i/ 
n:/'T-x;K v-^J? n^>^x;K ti^^±-}V^^mvf^ z. t7f)^x^^o 

25 ^:^^^ii:M(D imo:>7Kmmi^^m>xm^'^n^ im&ts:Ef)mnBn^o 
:^mm(Dmimm^z:^\^^x. Rx^-^n^ ^Cs'^CiommmM^v<u 

r^m^M} t'bT«. Mx.«\ 3--7 mm-fj^^iiiM (Dim (D7Kmmi^^ 

.9 



wo 2005/075384 



PCT/JP2005/002529 



^mmmMi mmm^x^t^-N cb) -x^-^n^m (^^. butk 

.x5^;i/. :/nH;K ^y:/ntf;K i2->^5^;K 5e<?->^5=-;i/. iert-^^jv. 
^>T^^> ^'oin;!/^) > x}*«^»&WbTV^TfeJ:ViC i~ 

H n. tf ^ ^ ^ ;i i J; 0 $f * b o 

J*. mi^mmA^nxi^^x^^i^^o ^(Dmrnm^hx^t. p?^h<u^m 
m'^^^zy^AUMtRmi^m-^%<D^mif^^hf)^x^^om^u. 

BMS^WbTV^Tfe j;ViCi~CioT;i/^;i/* mxit. x5^;> 
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. • •■ 

> }d^Ji>jvmx$>^z. tf)m^v<. :7xx;i/. 2 --X5^;i/:7xx;i/. 4- 

20' ^^Jl^yx.~)V. 4 h^->:7aix;i/, 3 , 4- (p^5^1/>>^:^^-» y 

x x;i/T a& ^ i j; 0 ^ ^ b o 

±T2bD. 0^b<^*2^;^^«~4^;^^«T^D^ ^3^;i/^»i?£&^ 

2^^0^(D^2FJ#^::*5ViT, f£.«lc, TtB^- (4 a) 
^ A 'fb-a-t; § ffi V i T J; c 
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Z^-Mg--Z.2 • • .(;4 a)- • ' '■ 

Zifl/^mTn:^>i3{4^T?^J9, Z^^, 3,^^, xum. 

^T^^o ] 

^(Dm-^U. ±t3S; (3 a) T^^n^^^l^x'iJ^^^S/i^AM^^af*^ " 
5 ±tB^ (4a) T^$n;5)V^^^v'^A'fb'gr#l<^(Z)^st«}^)^\ ±|H^ (2) 

•So" 

10 ■ Z^-Z ri-^Z^ . .(4 b) ■ • ■ ■ . ■ ■ 

15 2^I^BJ(D^2ii#T«. ±WB^ (4 b) T^^n^MM^^lSMl'^^fc 
a?). ^MMI&^I::^%<i:±t3^ (3 a) X^-^n^^^m^ J^mMii 

mm%2mM.x\m\K^^f)^mz.y}\z<<. ^sm^^^^mz^^^.^^. mm^ 

^fe, ^jSfCl^bTs ±tBjC (3 a) T^^n^ 
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■h-ofzLo :infc^b' %%m(DW.-2mMr^\^. ±ws5C (4b) T^^n-sM 
5 2^Bi^oii2^#^z::feViT^ (4 b) -v^-^ti^mmih^m^m^t 

:$^^m(Dm2mmx\-3:. mmmf)^mv^?>ti^o mmmizpi^^xomm^t. 

10 ^mm(D.mimm.iz^^^xmm\^rc(Dtmmxh^o' " ■ 

mz. FeCl3<Z)i;5 7S:ifeit(III)^W^.L'<ffiVie.n^o 
2^^0J©m2^^tC:feV^T. ±m^ (2) T^^n^fb-^ 

15 0. oi^;v^s~o. i'ejvmmx$>r). M\zt[f^v<\to. os^ji^m 

]z:^\^^xmmL'rc(Dhmmx^^o. . ' 

20" :^mm(Dm2mmiz:^i^^x. PT^><\:,^'mt.. 2mM^^x$>^z.tf)t 

(imdA)^(Dmwk^^mvx^>x^^^^jL^u>prs,>^mif^zLtitfix 

. ^^m(Dm2mmiz^\^^x. py^yih^mo^mu. ±$^^ (2) 

25 n^ih^<^i^JlizMV> 0. 5^;l/^»~l 0^;i/S«TibD, $f^b< 
1 3 D . M\ztt?^ b < i 2 ^)]^mm 

^mm<Dm2mM\z:^^^x. mmmizi-^. ±m^ (3 a) x^-^n^i^Wr 
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:^mM<D^2mM\z^\^^x. jiiB^ (4 b) -v^-^ti^M^^-^m t±m 

:i^mm<D'm2mm\z^\^^-x. mwktvx\t. ±.m^ (2). T^^n^fb^ 
^^#i^U5=-'>A^^^:. Tt3^ (4b) x^-^ti^mmih^mt^Km-^ 



25 R-X (2) 

±iB^'^'. R. xfc^viT(D^Bjj*. :$^mm(Dmimmiz:i5^^xmmiyrc 
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5 (3 c) T^-^n^^m^MV'^^j^umt. ±m^ (4b) T^^n-B 
mmt^^t^^m-^i^: :k^^x\ ±fB;i/'f ;^m^jS{b'g■#J^SJ^;^$-&T#• 
. e*^SS%bTV^Tfej;v^Ci~CioT;u^;i/S mxu. x5^;p 

) - 

15 1 -^^;i/Xh^->fj;^) . 

C6~C2o^u-;u-Ci~C2o:7^^^>'i^^^^>*>>i^^— (M. ^>i^;v 
:^^->:^;v4^x;u;^^) . 

20 ■ #M^nfe7Km« (^OB^ B^x rj]^jm. rv—jvrjv=¥)m. x 

i-Ce^'fbxfcm^ (M;lJf. x5^;p, :/Dtf;v. 'fvyDtf;^ J2 

-:/^;!/> tert-':f^)V. ^>^;i/. ^^>^;i/. :7rcx;v^) 

•b UT;1^4^>'V>'U;I/«.(-B^ Bn*Ci~C6^'fl::7j<mS (M^^S\ 

27 



wo 2005/075384 



PCT/JP2005/002529 



-y^^)V. ^>5=-;v. ^^rv';K :7x:n;v#) ^©a^^s^LTv^Tfecfc 
■ 5 ^) )vmf)mM^ti^o ) > 

Tir^-;i/^ (-CB^ (OB«) (OB^) : jC^'. B 7icmiM-?X««m 

10 /er/-;7^5^;K ^^>';^^ yx^-)vm) sv^fiili^^bT 

) > . • 

15 Ci~Cio7';i'3c^->^» mxu. ^h^i^. xh^>/, yn#^5/. 

20 ■ X^l 

T ^ y S;^ <H -g) <h # ^ o 

XX-T-;i/« (-COOB2 : B^tC ^-^C ^mhT^m^ 

^>5^;i/, >'xx;v^) TafeSo xx5^;i/S(DMi:bTJ* 
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::: h Jim .(-'CN) 

^i^m ^: -r ^ ;i i nriET 25 ^ o 
25 A-L i (3 c) 
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em»^WbTV^Tfe j;V^Ci~Cio^>'^^^^S m^^t. JL^JV 

'5 Ca-^CioT^i/^— ^'i/* (mx\t. t:-;v. TU;i/^ :/d^-;I/, -rv^n 
) . 

i~CeMfb7jc^» x5^;k yD.tf;K -ryypb°;i/> i3 

Tiri5^-;i/S (-CB« (OB«)" (OB^) : ^^f*. B ^ 7j<mm^X^^m 

tert-^^JVs ^>^JV. yxX;i/#) Tc&O, SV^fC^^ibT 

25 ) . 

Ci~CioT;I/34^5>-« p^h^^>-. Xh^^-v-. >^D#:^>-. 
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10 ^'m-^\z\ts i&uTxmmh^mtU'^v. mmmmum-^$MmT^ ^^^^ 
rcmm^!ii'm\zt^^o 
Mjd. M.i^^izmm't^mwk^Tf)^. mm'^mrii2^ji(D^m\zmmzmx'^ 

15 U^^mW^Z.t:fy^X^^o 

:$imm<Dm3mm\z:is\,^x. au. mms^^vx^^xh^i^^y x.zi)vm 

^)Vyx.-JV.-4-:^h^-^y3L:=^)V. 3, 4- (^5^V>>^::r^:» y:r. 

^^momsmm^z^^^^x. (sc) xw^-^n^^^m^j'^^M.u 
m<Dm\t. ±iB^ (2) x^-^ti^i[:'^mi=EMzMv. i=ej\^mm]^±x 
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M (Z^) .. (4 0).. . • 

©z^^^>u^5^;i'vu;i/^^;i/«-e^D. -te^b^wz^/om^. i^^-r^-sji 
. i:dw*b<> — ;^(Dz^;^>^'hu^5^;v>'U;i/;<5^;v«7?^Dx ffi>5-<Dz^^t 

. MgBij. TiCl4. ZrCl4, HfCl4. Ga2Cl4. AlClgT^^ ;i bV^o 

15 :^^m(Dm3mmxu. twb^ (4b) T^$n'2)M^{b^%/0^^ffliie.n 

o 

Z^-Zn-Z^ (4b) 

'mhrc(Dtmmx$>^o . 
20' :$^mm(Dm3mmiz^\^^x. z^:^^zsz^t. M^m. ^mx^^^^ajm 
^b<. mmx$>^^tt^-^Bizti?^i^\,^o 

^^m(DfB3mmxu. ±m^ oc) x^-^n^^mMv^^j^umj&. 
ac_ht3^ (4 b) x^-^n^mmt^>i^t:m^^^rc^. mm-i^^B^f^-t^^ 

T;v^;v;^;P2j^n;«;^^) >s:^T^mm&t'r^^iz7f)mmtts:^o 

^^'t^m^mt:-t^^hWp!mx$>^f)^. m-^^^^Pi&K.. wi^m^M^ 
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^^m-^^ J; § y n ir X b © .■i^.T^f ^ b o 

*^0j(DS3M#^ccfev^T. :^m^mih^m(Dm\t. ±m^ (sc) 
^^m(Dm3mm\z^i^^x. ^mm^j^^i^mm (s c) <hMi^{hi^% (4' 

MgBr^. TICI4. ZrCl4. HfC^, Ga^Cli. AICI3) . ^fe, -ISfflMJiMi^JcMbX 

20' S/t. 2^B0J©^-3^mt:::feViT/^#;!^U^f>AK^ (3c) <hM^^t: 
-^i^ (4 b) i^^;i'|:bl : 1 T^i^T^ il i TWSM^M^ [A- Z 

n - Z^$>^V^tA-Z n - Z ^^C^-^^^-a-JCf*. ;WXm^MYb'& 
%:^^v^:^->'>A'fb'&tl (4 a) Z ij ^^;i.>'U;i/^ 

25 :2^^H^C>^3:^#TJ*. i^M^jO^^fflVi&n^o i^Mi5K(C::)V^T®iJ^B^«. 

• :^mm(Dm3mmiz^^^x. mmmom^t. ±tB^ (2) T^$n^'fb'& 
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0.. 0 0 1 0-. 5^;i/^»-r$>D. I?^b<fi 

0. 0 i^jvmm^o':' I'Ejw^m'v^v. ^izm^VKUo . q.3^jv^ 

\z^\^^xmmvrc(Dtmwi:$>^o 

.$f*b<> M\zm^v<u. N,N,N',N'-'rV'7 :^^)vx.=^vy-jr 

(TME p A) ^ ® « S ^ W b T V i T J; V ^ X 5^ 1/ > T ^ > ^ # § c: t T 
10 . •• . • • ■ ' 

:^mm(Dm3mm\z^\^^x. yr^>ih^m(Dm.\t. ±fB^ (2) -r^^ 
\% 1 3 D > ^ u < 1 2 

15 :2^^0J©^3ti«(::*5ViT. AS^e^fC^. ±WB^ (3 c) T^$n§^# 

i^U5^':7AM^i±tB^ (4 b) xm-^n^^^:^-y^2^^^mt.±.u^ ( 

4 b) T?^$n^Mi&>fl:'&%a:±IB>^T^Mfc;'&%<h(D^?^Jc:. ±tB^ (2 
) T^i^$na<b^«^t±fB^l!fe^<t^^i}PbT^*1it-^o 

2^^HJ©^3]^»J^:j3ViT. ±IB5C (4b) tl^Mi^fb^.^^ i:±fB 

:$imm(Dmsmm\z:^^^T. Rm^t. ^?^b<«o'c~i o o'ccdmsis 

mjEET as § ^1 1 ^ b o 
25 *B0Jc^S3^^(c:feV^T. mmtl^XU. ±IB^ (2) T^^tl'&'fb'a- 

©X— 7";km^0; hji^:i^y^o:>^mm^it7mf}^m^>^n^o ^tc. ^# 
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^^m'mmmmmt^ Tnd.^ (4 a) -c^-^n^-^^^^^^zy^j^it^Mt^^ 

^ (2) T^$n^ft;'^i^t^Mjs$-&^x@t^'^t?jit^#mi-r ^^ ' 
'5 TiB^ (1) -v^^n^^mm^h^'-^o^mmz^mAmm-^n^o 

. o R— X (2) 

A-Zn-Y= (3b, . Z^-Ma-Z= (4a) -gST ""'^ 

[±tB^4'^ X. Z ^ Z ^l^ZSA\t±m(DMvM^^-p^o '] 
10 2^BBJ©^4^1tT«> TIB^ (2) T^$n^{b'&%:^^^fflVie>n^o 
R-X (2) 
. ±tB^4'> R> XfCOViT©m?^«. 2^^?H®^lM^tc:feViTiJa§gL:^ 

15 mmmM^v<}it^mam&} > r^)^ t^-n (b) -■vm-^n^M-^^^m 

iB^ (3b) T^-^n^^mmmmm.mt. (4a) x^^-^n^^^ 
20 ^ Afb-a-'-^ <i: ^>Kjs $ -MrT^t ^n^mmmmu.M t. sjs l ^ © 

gm»^#bTViTfeJ:ViCi~CioT;i'^;« (M;^^^^ x^;v 
..:7°ntf;i/. y5^;K h U :7;v:tnp^5^;v^) ; 
C2~Cio5^>'^^->'« tfri;i/. TU;v. -rv:7°n 

25 ^:=i;k 2 1 -yn^:n;K 2 -^^;VTU;i/. 2 - ^^'^^jn;!.^ 
) 

xxt;1/» (-coob^ : ^"I^^ B2j^Ci~Ce^fb7jcm» 
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J],. xg^;i/.. y'u}d)]y. -r V7°.n.t:;v, n-y^^JV. sec-y^)v[ tert-^ 
^;i/> ^>5^;i/.' yj:.ci)vm) x-$>^o x,xy^)pm0mtVT\t 

x;i/. h4^>-:^j;v#x;K 

xh u;i/» (-CN) • • • • 

Ci~C2oT;i/4^;v-;^7;i/3j^x;i/::t-c^-> m> T-kh^v. ypAV-r;v:t 
#«$nfe7ms (-oB^ i^i^t, B'ft, T)v^}m. TV^)VT)v^)m. x 

sec-y^'^^Ji^. tert-^^)V. ^>5^;l/. >'acX;V#) 

^5^;K x5=-;k yntf;K -ryyntf;K i2->^5^;K sec-^^)V. tert 
-y^'^jv. ^>5^;i/. ya^-)vm) ^©sms^WbTV^Tfe J; 

. >^^5^;v ^-:7*5^;i/>'U;p> h ux^;i/ ert-:f=^)V-jy3LZL 

r±^-)vm (-CB^ (OB^). (OB^) B ^t. jmm.'f-xitmm 

. 36 
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tert-^'^}V. ^>5^;^^ ^=^^>';i'. ^'oicnjl/^) T^D^ SVi^d^^lSbT 

) . 

N — r>Hu;i/. 

■ Ci~CioT;vn^>-S ^h^^v'. xh^^i/. ■:/o:j^^>'> 

^z^m > . . . ■ 

« 1^ — T ^ -s* T o T V i T 'fe J; o 
20 ' ^bV^o 

^r:i. m^M^^vx\^^x%^^^m=:-WL7)v^)vmi ^lxu. nf^v 



37 



wo 2005/075384 



PCT/JP2005/002529 



2^^0jo^4^#T«>- tibt^ (3 b) T^-^n^^mmmmum-^m^^^' 

A-Zn-Y^ (3b) 

15 . ynt:;!/. h u :7;i/:tn^5^;v^) . 

C2~CioT;1'<^x;1/» (M;^«\ tfx;i/. tu;1/> :7°d^x;1/. -rv:/n 
^x;k 2 1 -yn^x;K 2-p^5^;utu;k 2-y5^x;p# 
) . 

20 ■ XX5^;PS (-COOB2 : ^cfi, B^J^Ci-Ce^^'fbTKmS (Mx^tf. 

^'xx;!/^) t25?>o xx5=-;v»®M<t bxfi 
. h4^->:^;i/#x;v. x h^r>-;^;i/7}^x;V. 2 h^>^x h4^>-:^7;i/Jl^ 
x;i/. /er/-y h^v':*?;P2j^x;i/^/&^^^tf e>ti?>) , 
25 xhu;i/X (-CN) . 

Ci~C2oT;v^;v:^;I/3}^x;i/ (m> tf;tD-r;u;^^) . 
^«$n;^c7fcms (-OB^ :^4'> BM*. t;v^;i«. tu-;1/t;wi^ x 

i—C6^'fb7Xms (#il;lt^\ x5^;k :7''ntf;v. ^y:7°ptf;K i3 

. . 38 ' 
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-':r^)V. sec-y\^)V. ■tert-:f^)V. ^>^)V. ^^iy)v. :7xn;v#) 

"5 yu^zy. h U X =^)V zy P ^ . / er / - >^ :7 x x;i/ n ^ 

T-kiS'-;!/* (-GB^ (OB«) (OB^) : ^4^. B 7j<lNM^XJ3ai^ 

tert-^'^)V. ^>^)V. ^^zy)V. y'ccx;i/#) SV^{;i5^^LT 

) > 

15 N — r > H u 

Ci~Cio5^>'^^^>^* (M;l«\ p^h^^>. xh^v-. yn^^^i/. :/h 

20 ■ ;\u^ym=? mx\ts yym. Mm. Mzm. Bom)\ 

25 mz. m-^izmm-r^mmmf)^. mmmut^2i^±(D^m\zm'^x\zmx^ 
nx\^^x^^<. ^(D^^f3:mm&tvx\t. mxu. >^^uyz^:t^zy. 

r^E^mw^^t'^^x^^o . • ■ 
■ :^mm<Dm4:mM\z^^^x. A\t. mm^^^i^x^^^xh^^^y aL:=.jvm 
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^^)Vy3:,:=.JV.' 4-'~^^)Vyx.:=^)V. 4 - }<^zyy 3., 4- ( 

:^'^U>z^-t^z^) yx.-jv. 3- (xb^>':^;;i/3j?n;i/) yx.-^. 4- 

"5 ±tB^ (3b) Y^t.. Mzm. 3^m. x\tmm^'$>^o 

:^mm(Dm4mm\z^^^x. ±tB^ (3 b) x-m'^n^'^mmmmum(D ■ 

tif^V<}ti. i^;i/^fi~2 ^i. 5^;i/^ST^§ 

10 ':$imm(Dm4mm'is\t. ym^ (4 a) T^$n-sv^-^^v":>A'ft;^%/i)^^ 

Z^-Mg-Z^ (4a). 

15 :$:mm(D^4mm\z^^^x. z^t. mm&ALmv^mmmx^^f)\ 

:^mm<Dm4mMX}t. ±tB^ (3b) -r^$n^^#^^M^i«^^fflv^ 

^ s6 . ems R ^ J: txgms A ^##75: wt^s ^ wr ^ ems .t.^ § ;i ^ 

:^mm(Dm4mMiz^^^X. -ttB^ (4 a) T^^n^V^^^T-i^^^A'ft:^ 

m(Dmu. ±fB^ (2) Ts^^n^fb^ti 1 ^^i/^cMb. i^;i/^«i^a±t 
25 25 0Sb<fii. i^;i/^«~2^;i/^»TabD, l^ii. 5^:;i/^«"^ 

:$imm(Dm4mMx}t. mmmf)^F^^^^n^o mmmiz^^^xommu. 
:$^mm(DmiwM\z:^\/^xmmvrc(DhmMx;^^o 
■ :$^mm(Dm4mMxm^^^n^m:m0t.. Any>>fb^(iii);ow^b<. 
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0. oi^;i/S«~o. 1 ^:;i/S«7?25D> S^c$f^b< jio. 03^;i/^" 

(TMEDA) # © B^S Sr W b T T «fc l/^ X 5^ 1/ > T ^ > & ^ -5 1 

:$imm(Dm4mm\z:id\^>x. z^T5.>ih^m(Dmu. jlib^ (2) 

(3 b) x^-^n^^mmmmumt±fd,^ (4 b) T^^n§Vij^:!^>"> 

SJBET? ^ ^ ;i i: * b „ 

:$imm(Dm4mMiz^^^x. mmtvx\t. (2) T^^n^'fb'^ 
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m^T2'^h^^^y4-}-ts mT^Ji^^ (254 nm)§-^§ ^iirfc 2 5- Mm. 230-400 

^ 3- o u ^vi/T^s&MS vrc:^^7.y°u—h^m v^xfro mm 

V hii7*^>'^-}i, Mm>'U;^jy;V6.0 (S^3#. 140-325 ;>^-/>'rL) 

^MV^T, Still, W. C. ; Klahn, M. ; Mitra, A. /. Org. Ci em. 197 i, 43, 
2923-2924 (:if3«$n;^cJ; "5 fcffofco 

Ab. ^gbXJ*SM^bTffiVi;feo M7K^ h ^ b F n y ^ XTHF) ti. H;^ 
fb^:d^6.JtAb. T;l'rf>'^fflMT. 760 V—)V'li^>VyaLy>'^^)Vti-^ 

^Tl?#e.n:rc:il7jCFeCl3^#^b;feo FeClgOO. IM THF SMTM 

Tcib. mm'<^mt>\zm.mvrco 

. : JEOL AL-400 (400 MHz) . JEOL ECX-400- (400 MHz) JEOL ECA-500 

25 (500 MHz) NMR ^^it^^v^x, y'u h >mmM^mQB. mR):BLZs^mmm 
m.^m c'c MR) ^mmhTco 7Kmm'?(Di[:,^zyy h\t. y^h^^^^jvz^^y 

/5^e.^gMJ©fi(l(downfield)TO 1 0 0:^:$^©! (ppm. 6 7.^—)V) tVXn^m 
NMR^^(CDCl3: (5 7. 26) 4'©^M:7°D h >^#K1 <h bfeo ^^M^* 
my^^^ hJVQ'C mK)\t. 125 X\t .100 MHz XWB^Lfeo ;^^©'fb^i^:7 
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h , ^ h ^ :^'^}Viy ^ >v6^ .^.{g^±l#J-r 10 0 75"^C0 1 (ppm, 6 X ^— 
)V) hVxmmV. NMR"M(CDC13: 6 77.0)4'CD^m^PI^#Mb;to "r— 

HR-l (25mx0.25mm i.d., 0. 25jt4m ;i/A)XtS CYCLOSILB (Te^l/>h%fc 
. (Agilent), 30mx0. 25im i.d., 0. 25Mm :7^;i/A) Xf* CHIRALDEX G-TA (T 
X 5^ y iJ7 ^fc (ASTEC) , 20mxO. 25mm i.d., .0.125 Mm :7 A ) ^ M 

10 Shimadzu. GC-14B 'TraiJ^b;^o ^^UT.^^ h )V\t. DuraSample IR (ASI 
yy°^-< l^^e/X5=-AS:(ASI Applied System)) ^MX-fe React IR 1000 U.)^ 
:$:^*ff.e/X-5^ATtB#b. cm'^ T^bT^o K*:^*ffJi, JEOL GC-mate II Till 

15 mMn\ 

?^mtil^^^«^7fe 50-mL;^?^X^n.->^fc, ^^S^ij; 
A:7''D^-r HCD 0.96-M THF (1.25 mL, 1.2 mmol); TtH^l.lC^^n 

20 ■ ^^Wm^n (1.2 mmol):S:lKyn^>'^n^y37> (TtB^l 4*. Tij 
l?^$n^) (177mg, 1.0 mmol)'&- 78*0 fc:?&*|lb;feo FeClj (D 0. 1-M THF ^ 
W. (0. 5mL. 5 mo 1%) €r ® MST^JP b feo # 6» tltzMWi'^i^i^mzM: b ^ 0 "C 
T30i5^^m*^bfeoNH4Cl ©tafP7jC^|^(0.5mL)§in;^TMfS&^T$ii:feo 

25 IBSi't'^ r2j , rsj . r4j T^$n^) RiJ^H:7:cn;i/OiK^^:^ 

X^nv hi^^y'.i'— (l^g|5;ic2p(/?-x:^7>'^ 71mg, 0.5mmol)) T^^bfeo 
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FeCl3 (5 mol%) 
PhMgBr (1.2 ) 

THF • 
-78 *'C75)^t>0 "C (30 iJi' ) 




Ph 





% 



1 Ph-Ph 



1 




5 


79 


0 


4 


6 


2 


Et3N (1.2 ) 


3 


78 


0 


11 


5 


3 


N- >t5^;U^;b7t^'J> (1.2^4) 


8 


72 


0 


4 


5 


4 


DABCO (1.2 ) 


20 


2 


0 


75 


3 


5 


TMEDA (1.2 ^» ) 


71 


19 


3 


wm 


10 


6 


EtzN^ ^^^^ (1.2 ) 


23 


48 


1 


11 


9 


7 


NMP (1.2 mm ) 


15 


3 


wm 


79 


4 


8 


pph3(o.i mm ) 


6 


70 


mm 


6 


7 


9 


dppe (0.05 mm. ) 


4 


8 


0 


81 


8 



5 ^MBm t^t. l,i-S^r-^}^zy^Ui2.2.2l:t^^>(Dm'V^V. 

TNMPJ l-^^;i'-2-tfnU>?y >©B1&T^D. Tdppej t\t. 1,2-t: 

10 t)ti^^o 
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^MM: (5 mol%) 

a Br PhMgBr (1.2 ) 
TMEDA (1.2 
_ " 

1 -78 ''C3b^t.0 "C (30^^) 



umm 




2 


3 


4 


1 


Ph-Ph 


10 


FeCIa 


71 


19 


3 


#5 


10 


11 


FeFs 


0 


0 


0 


97 


2 


12 


Fe(acac)3 


14 


6 


. 1 ' 


71 


10 


13 


FeCl2 


32 


10 


1 


56 


10 


14 


Fe(CO)R 




mm 


0 


95 


5 



m2<^. rpeCacaOjj t\t. i^(III) Z-fe5^;U7ii h::^- hit#C0ffltTab 




mmms 

¥eCU^m^\ &QMthT\-±. TMEDA ^j^Vi. ^(Dm(DUM\t^ 3 \ZW,m(D 

#tc:^$7^^:ViPSf9^ l-mmol 7.<!r— ^-d < ^ thfc^m^i^X 
15 SjS^ffo;to 

'-itt^^/'cRViPStl^ RJts'&mt. Umm 1 5-17, 25, 28 5:1/ 31-35 
iCOViTtiOt:T\ 18-24,26 29 Id-Ol/iTH 25°CTffofCo 

|g4'> #fc^$J^cRVi|5S0, i>*'Jn^-;i/Mm^* 1.2 ^«fflVi;^Co 
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liW] ADV>-{b7;U»;U ArMgBr ifS.^ % 

15 (^"^ Ar=Ph /""^^ 96(90%)«''' 




16 V^-^>< .---^^^ 99(X-I) 

17 •' r T Ar-Ph r T 99{X-Br)» 

18 ^ 99(X = CI)5 

19 ^"^^^^ Ar=4-MeOC6H4 ^^^--^^^ 99® 

20 f J Ar - 4-MeC6H4 II 98 (96)« 

21 . Ar = 4-CF3C6H4 S?®-" 
22' Ar = 2-:h7^;U 96 
23' A^=1-:^7^^^ " 97/ 

24 Ar = 2-MeC6H4 99 (98)« 

25 , 95(X = I) 

26 1 Ar-Ph ^1 94(X = Br) 

27 ""^-^X ^^^Ph 84(X-CI)f-* 

28 97 {X = I) 

29 n-CsHiy— X Ar-Ph n-CeHiy-Ph 91 (X = Br) 

30 45 (X = CI)3''f 

■31 X"Av Ar-4-MeOC6H4 "^^^^^^^^^ - 

(I^V:I>K-95:5) 



^-^^•-J^^^ Ar-4-MeOCeH4 ^BUv^/:rr:7^Ar 98 



32' /-Bu..,^/;z::::;;7^Br Ar = 4-Meoc6H4 f-Bu^^^/;;:::::;;^^^^^ gge 

{h7>;^:i/X= 96:4) 

Br 

33' _ _ 

(h7:'X:->X-96:4) 

o o . 

, ^^--^^^^e"^ Oct Ar 
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' J;D;^^/^cJ:5 O-mmol X^— 

« i^fUn^-;^^^ 1.5 Sa^V^feo 

5 ' :fa:ti7pn^^^+f->s FeCl^SirX TMEDA COS-Q-i^ 

' iJ^Un-v-;mm^ 1.8 ^»^v:^;fe„ 
• 0.:5-mmol ;V 
MMM 1 5 

>/^n^:/5^;i/^>if> (SO-mmol J'V®*'^) 

:/a^->^D^yi5'> (8.85 g, 50 mmol). FeCij (0. 1-M THF '^^^ 25 
mL. 5 m\%) (D^g'&^ftC, PhMgBr (0. 93-M THF 72 mL, 67 mmoD^XS 

15 TMEDA (7.78 g, 67 mmoI)0?B^%^ 0 °C\ZX. RmM^<l^^'SiM^mmiZ 

^•o^otiimm'v(.:$im^wwm^\^. i.semL/^). ^m-^y^^mrnvx 
muahTco vmgBT/T^mkomM^^rvTcm. ^mw^m^^oumx i o 

20 ■ E:7xz:;i/ 0.37 g ^-^t^. MiJR^ 90%)c 

y — VX,^mm^^yt (FTIR)' (l^mi*): cm-i 3062, 3027, 2923 (s), 2854 
(s), 1602, 1492, 1461, 1451, 1073, 1032, 753 (m), 737 (m), 698 (m) ; 

NMR (500 MHz, CDCI3) : 6 7.28-7.24 (m, 2H) , 7.19-7.12 (m, 3H), 
2.68-2.63 (m, IH) , 1.93-1.90 (m, 2H) , 1.81-1.78 (m, 2H), 1.67-1.51 (m, 
25 8H); '^C NMR (125 MHz, CDCI3) : 5 150.0, 128. 2 (2C), 126.6 (2C), 125.5, 
47.1, 36.8 (20, 27.9 (20, 27.2 (20; ^^MmMm^^ (HRMS) (EI, 
70 eV) si/z my ff^ffi C,3H,g, 174.1409; lljftlffi 174. 1418o 

umm 17 ' . ■ ■ 

>-^n^^>-;i/^>if> (l-mmol X^r— 
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:7^n^>';i7nV\^-+5-Xl63, 1 jug, l-.Ommol)> FeClg (O. 1-M THF ^1^^ 0. 5 
mL. 5 mol%)Oii^^}£\ :7 aiZn^l/^T^f:^ n V-T F (0. 96-M THF B 
1.25 mL. 1.2 mmol) i&tJ? TMEDA (181.1 AtL, 1.2 mmol) ©^g-^tJ^.' 

yaUi^-JV (Florisil : ^^iS^) (D/^-/ FSfflbTMb> M^f^m 

umm 19 

^®'ft;'&%&> h^i7nnx^>, 79 mg. 0.47 mmol) t CD tt: 

15 mo^o^-v^^nr^ 'h nmr ^mizxum 99 %T#feo 5^u^<>'>^n-Th 

(190 mg, 99 (D^M^t 

FTIR (?^Mj*): cm-* 3010 (w),"2919 (s), 2850 (m), 1513 (s), 1449 (m), 
1248 (s), 1177 (s), 1032 (s) , 8.14 (s) ; 
20 ■ 'H NMR (500 MHz, CDCI3) : 6 7.12 (d, / = 8. 5 Hz, 2H), 6. 83 (d, / 
= 8.5 Hz, 2H), 3.78 (s, 3H) , ' 2. 50-2. 38 (m, IH), 1.92-1.79 (m, 4H), 
1.78-1.65 (m, IH), 1.45-1. 30 (m, 4H), 1.28-1.15 (m, IH) ; '^C NMR (125 
MHz, CDCl3):157. 6, 140.3, 127.6 (20, 113.6 (20, 55.2, 43.6, 34.7 (20, 
2.6.9 (20, 26.1; (BI, 70 eV) m/z [M]^ ff^fg CiaH.gO,, 

25 190. 1358; ^lllfi 190. 1381 ; tc^^^Dt WrWiiM. CijHigO: C, 82.06; H, 9.53. 
MMM C, 81.80; H, 9. 80. 

-t^X (D^m^^—:^ (Singh et al. Tetrahedron 2001, 57, 

241-247) T$g^$'tlTVi^feCDt^Vi—^^^bfeo 
U.^m 2 0 . 

... 48 



wo 2005/075384 



PCT/JP2005/002529 



mm^h^Si^^. P^mU^(^h^^tiu:iL^y. 79 mg. 0.47 inmol) <hcO 
It^O^^-V^-^tlTc 'H NMR ^^iZXW 98 %T#:fe„ zyV:^^)V^U'i' 

hif^y-c-^m^^^Tcmm^zj^v. M^m a 67 mg,- 96% mmxDmm^t^ 

FTIR (mmm-. cm-' 3020 (w), 2923 (s), 2852 (m), 1515 (m) , 1447 (m); • 
809 (s); 

NMR (500 MHz, CDCI3) : 6 7.10 (s, 4H), 2:50-2.40 (m, IH), 2.30 (s, 
3H), :1."90-1.79 (m, 4H), 1.78-1.67 (m, IH) , 1. 45-1. 32 (m, 4H), 1.29-i:i7 
10 (m, IH);. '^C NMR (125 MHz, CDCI3) : 6 146.0, 136.0, 129.7 (2C) , 127.4 
(20, 44.4, 34.8 (2C), 27.1 (2C), 26.3, 21.1; m^Mmmm^m (.El, 70 
eV) m/z [Mr th^fifi CijHig, 147. 1409; ^lUfll 147. 1388; jtm^^ tf^ffi 
CisHigi C, 89.59; H, 10.41. ^Wfi C, 89.34; H, 10. 64. 

T^XO^^y^—i^li-t. (Yoneharea, F. ; Kido, Y. ; Sugimoto, H. ; 
15 Merita, S. ; Yamaguchi, M. /. Org. Cbem. 2001, 68, 241-247. ) "efg^^ 
nx § ® i ^ Vi— iSc §^ ;feo 

u^m 2 1 

mmih^^^^. P^mU^i'rV'y.i'UUaL^y^ 79 rag. 0.47mmol)i© 
20 ■ i:b^a)5^T^$ti;fe 'H NMR ^DftCTW 70 %Ti#;feo ^) t} 6" 

v^^y^—'^m\^^rcmm\z.^ri^ M^m (153 mg, murnxD^mih-^^ 

FTIR (mM^) \ cm-' 2927 (m), 2856, 1619, 1451, 1420, 1324 (s), 1162, 
1.119 (s), 1069 (s), 1017, 830 (s), 656; 
25 'H NMR (500 MHz, CDCI3) : 6 7.53 (d, / = 8. 0 Hz, 2H), 7.31 (d, 7=8.0 
Hz, 2H). 2.61-2.51' (m, IH), 1.94-1.74 (m, 5H), 1.48-1.34 (m, 4H), 
1.33-1.19 (m, IH); '^C NMR (125 MHz, CDClj) : 5 152.1, 128.2 (q, 7=32.4 
Hz), 127.2 (20," 124.5 (q, 7 = 270.8 Hz), 125.2 (q, 7= 3. 8 Hz, 20, 
44.5,. 34.2 (20, 26.7.(20. 26.0; ^m^mmnm^mm, 70 eV) a/z [M] + 
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ff-^fit CigH.sFj;" 228. il26;- MUm. 2-28.1144; jtm^W mmm. CijHigFj: C, 
68.41; H, 6.62.' MMUo, 68.49; H, 6.83. • 
U.mm 2 2 




5 ^'a^zy^xn^^-^XieZA mg, 1.0 mmol)> FeClg (0.1 M-THF 0. 5 
mL, 5 moW^Zf TMEDA (181.1/^L, 1.2 mmol) ©'^-^tlfC. 2-^y^)V'^^^- 
^-->^7A:/P'^-I' F (0.82 M-THF^?g 1.46 mL, 1.2mmol) ^^^It^i^^y^ 
^SbT^ 25 t:!? 20^r^/?>^ttT^SPb;feo ^Un^— ;V^^(D5!S'&tKZ)^ 

10 :±^A7K\z^^mn(D^m^l^X. ^mU^-^^ytiVi^—)l^ (Florisll: 

mmmm) (ony H^auT^itmb. ^^TTM^i^^o i^suM2p(T-h^ 

iJ7DDXi§'>. 79 mg. 0. 47 mmol) 'H NMR :$}'tlf ^ff 

fe<hz:6. 2— >^^^^>';I/:^>'^5'l/>:Ot96%^K^T#&n:^o 

is:mM 2 3 



F*3g|5^2p(5^ h^i^nPX^'^, 79 mg. 0. 47 mmol) ^ffl 'H NMR ^^*Jf 

iH NMR (500 MHz, CDCI3) : 5 8. 11 (br d, / = 8. 3 Hz, IH), 7.84-7.81 
"(m, IH), 7.67. (br d, ./= 8.3 Hz,. IH), 7.50-7.36 (m, 4H), 3.35-3.27 (m, 

20' IH), 2.06-1.98 (m, 2H), 1.95-1.86 (m, 2H), 1.86-1.80 (m, IH), 1.58-1.50 
(m, 4H), 1.38-1.27 (m, IH) ; '^C NMR (125 MHz, CDCI3) : 5 143.7, 133.9, 
131. 3, 128.9, 126. 2, 125.6, 125. 5, 125. 2, 123. 2, 122. 2, 39.2, 34. 15 
(20, 27.2 (20, 26.5; i«^JlltgK«^tf (EI, 70 eV) m/z [M]+ tfM C.eH.g, 
210. 1409; 'MM\U 210. 1433. 

25 UMm 2 4 

i-^^n^^->;i/-2-^^;i/^>if> 

^M-fb-a-tf^. F*gg|5^2p(5^b^<^nDXr$'>. 79 mg. 0.47mmol)i:0 

ifyy^-^m^^tcmm\z^ri. ^'fe^ffi(i7img, mum)(Dm.mi\i^m^n 
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FTIR m^l&) : cm-'" 3064, 3022, 2925 (s), 2852 (m), 1492, .1448 (m), 
741 (s), 723 (s) ; 

'H NMR (500 MHz, CDCI3) : (5 7. 22-7. 05 (m, 4H), 2.-75-2. 63 (m, IH), 2.33 
5 (s, 3H), 1.91-1.73 (m, 5H) , 1.47-1.34 (m, 4H), 1.33-1.23 (in, IH) ; '^C 
NMR (125 MHz, CDCI3) : 5 145.9, 135.1, 130. 1, 126.1, 125.4, 125.3, 40.0, - 
33.6 (20, 27.1 (20, 26.3, 19.3; M^^M^Mm^^ff (El, 70 eV) m/z lUY 
Wr^m CisHig, 147.1409; mmm 147.1427. ynm^^r CijH.g: C, 

89.59; H, 10.41. ^mUC, 89.56; H, 10.69. 

umm 3 1 

i-(x4^v-2-y;i/2}^;i/— ;v)-4-^ h^>'^>if> 

mm^h^m^. \HBmm(^h^^tiXiijL^>'^ 79 mg. 0.47 mmoOt® 

i:bi^®^^T^^nfc 'HNMR^^;f(CTW 91%l:#feo ^ ^ tf ^ U -GC ^^|lf 
15 (CHIRALDEX G-TA, TT^y^y ^^±M, 20nix0. 25min, 0. 125 140°C) 

xm^hTc^^moz^rT.y^-u-t'^-u^u. 95:5 Ta&o;^ (^^^mox, 
^vm^i^'Rrs:ji>]^m^mzmm^^\f:-'i7 7f)^uwmm 21.^ ^ms 30.4 

it'^m(Dj^m'T—^\'t. 3tM(Wu, X.-Y. ; Xu, H. -D. ; Tang, F.-Y. ; Zhou, 
20 ' Q.-L. Tetrahedron Asymmetry 2001, 12, 2565-2567) -r^^^nTV^^ fe© 

UMm 3 2 

1 - (4- ter t-':f^}V 5/^7n^^>^;P)-4-;>^h^5>^>if>' 

. sM'fb^^§afeia#:<hbT#fe(ii8.6mg. ■<d%%^.%mm) o t!^U — 

25 GC ^^iFf (CHIRALDEX G-TA, TT^^yi^^m., 20iiix0. 25mm, 0. 125 ^am :7 ^ ;i/ 
A> 150t:)T, b^>7;#:iv'X#:(^it^«96:4T^ofe(-f^^^rBl; ^tl 
67.4:5>:S:tJC56.2^)„ 
FTIR (MM^)\ c^-^ 2925 (s)., 2854 (s), 1611, 1582, 1513 (s), 1486, 
1465.. 1451, 1393, 1366, 1248 (s),.1181 (m), 1038 (s), 1034 (s), 824 
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(m), 801 (m) ;•■ . : • ^- " 

'H NMR (400 MHz, CDCI3) : 5 7.1-2 (d, 7=8. 8 Hz, 2H), 6.83 (d, 7=8.8 
Hz, 2H), 3.78 (s, 3H), 2.42-2.35 (m, IH), 1.93-1.86 (m, 4H), 1.43-1.35 
(m, 2H), 1.18-1.03 (m, 3H), 0.83 (s, 9H) ; NMR (100 MHz, CDCI3) : 
5 6 157.7, 140.1. 127.7 (2C), 113.7 (20, 55.2, 47.7, 35.02, 34.4 (2C), 
32.6. 27.7 (20, 27.6 (30; m^Mmmm^mm, 70 eV) a/z iuy tt# 
ffiCiTH^eO, 246.1984; llJiiit 246. 1985. 

mmm s 4 

xg^;p 6-(4-^ h^e>>'xn;i/)^^-t)-y^x— h . . . 

10 '^Mfb-o-ti^V 1^§I5^^(5" h'^^nnX:57>. 99 mg, 0.57 waol) t(Dit 
^(Do^-Vm-^tlfc 'H MR ^m\ZXS\^m 91 %T#feo V ^JV^ h 

ih^m(D^^^—^\^. :SCWi(lee, J.-Y. ; Fu, G. C. 7. Aa. Cbem. Soc. 
15 2003, 125, 5616-5617)Tli^^nTVi^'fe©i.g:Vi— iSc^^bfco 
UMm 3 5 

[3- (4-p< h ^ oi x;v) y n t!;i/] -1* > H 

^mit^m^. P^'^m^i'rVb^Viux.^y. 99 mg, 0.57 mmoDiOtb 

20 ■ 'yy y( - ^m\^tcmm\Z^r) ^^^^(^IZlTS^g, 87%W)€>^m{h'&#f&#feo 
'H NMR (500 MHz, CDCI3) : 6 7. 63 (d, 7 = 8. 0 Hz, IH), 7.28 (d, 7 = 8. 0 
Hz, IH), 7.19 (t, 7= 8.0 Hz, IH), 7.12-7.06 (m, 4H). 6.83 (d, 7=8.5 
Hz, IH), 6.49 (d, 7= 3. 5 Hz, IH), 4.10 (t, 7 = 7. 0 Hz, 2H), 3.79 (s, 
3H), 2.57(t, 7 =7. 5 Hz, 2H) , 2.15 (distorted tt, 7=7.5, 7.0 Hz, 2H) ; 

25 NMR (125 MHz, CDCI3) : 6 157. 9, 135. 9, 132. 9, 129.3, 128. 5, 127.8, 

127.7, 121.3, 120.9, 119.1, 114.1, 113.8, 109.3, 100.96, 55.2, 45.5, 

32.0, 31.6; m^mmm.m^mm, 70 ev) m/z wcnm 

265. 1467; ^t'Jfi 265. 1478. 
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mmm4 . •■ ... 

^tjf (CYCLOSILB, Te^k>h^±M, 30mx0. 25]nm i.d., 0. 25Mm ' 

129:1 T(Db!-^«, yt^m^i^\z^n^nm^v. .bo.iso ©tb^^iiiii 
10 ^tiTto ■ ■ • 

Tco Fecial. IB^^b^:^^ S-MAb. 4&^b^;rzi;VTJi^£7jcb. MJETT^^J^ 
^M^-e-^ T;i/:^>'^H^TT#e>nfcM7jcFeCl3&«Wbfeo Fecial) O.IM 

THF mmu. mu'^MBmf)^u'^'r^^t\z^v):/j^vx.-y^Mt^m^mm 
20 ■ 99.99%) -fy^^mxv. m&T-vmmvxtmiy. mt>izm^^rcio ' 

ZnClj • IMEDA : Isobe, M. ; Kondo, S. ; Nagasawa, N. ; Goto, T. Cien. Lett. 1977, 679-682 
3Qt-^7Dn-nl/X:^> : Shoppee, C. W. /. CAea. Soc. 1946, 1138 
l-(hU^5^;i/^U;W-5-3"H-^>^-l-'f > : Kbft, E. R. ; Smith III, A. B. /. 
25 Org. Cbem. 1984, 49, 832-836 

X5=-;P6-a— H^4=-ityx— h : Leonard, N. J. ; Goode, W. E. /. M. Cbem. Soc. 1954, 
72, 5404-5407 

4-a— F:/5^n- KU;i/ : Newman,. M. S. ; Closson; R. D. /. Am. Cbem. Soc. 1944, 
66, 1553-1555 
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yi^^J]/ 2. 3, i- h U-^?-T-tr5=-;l^6-x::t^^->-6-3-- H-)3-D-^^;Va If'^y F : Classon, 



Nakamura, T. ; Yorimistu, H. ; Oshima, K. Orgr. Lett. 2002.- 4, 2257-2259 

TMEDA (T^nX (Across)) >• :7^n^->^n^y^XT^ OX) > 3— He^^^p^c^it^ 

mm\:mM (tcd ), y^u^zy^u^^D-xmmi^m. ^uu^^^a^^^> (mm 

10 ;P)-lf-;^U>?>(T;PFU^;^5^)o ■ ' • ' ' 

4->'Ty :7a:x;v«yn'T-i' f (o. 5 m ® thf mm. , t;1/ F U y'f-) . 3- (X F^v':^7;i/# 
x;v) >'3ix;uai&3-y'f F (o. 5 m thf mm rjv F U ^^^5^) . 2- tru >^;vm:/n v-r 
F (0. 5 M THF mm 7)v F u 5=) . h u ^5=-;i/>^u ;i/p<5=-;i' N'^^^t-i/'i^A^ p ^-r f (i . o 

15 M EtjO T;V F U 5^) o 

a^gg : JEOL ECA-500 (500 MHz) NMR ^^sf^ffiViT. yDF>:^?l^ 
^BK'H NMR)K:tJC^m^M^*nl(''C NMR)^fB^bfco 7KmM^O{b^->:7 
FJi.5^F^p^5^;i/->^>;^>^e.<£taM(downfield)7?(D 1 0 Ol^^CDl (ppm. 

6 ;V) <h bTfB#b. NMR ^jl^(CDCl3: 5 7. 26) 4'(D^^^:7°n.F 

20 ■ ^U;^„ h;K'^C NMR)«. 125 X« 100 MHz TlB^ 

:$r^(Dl(ppm. STs^^r— ;V) t bTlB^b. NMR jgiK(CDCl3: <5 77. 0) ^'(^^m 
^ni^#Mbfeo TSB(Z)J:5Jc^b;fe : 'ft;^>':7 F. #lt'l4(s= 



HR-l (25mx0. 25min l.d., 0. 25 Aim :7-r ;ifA) Shimadzu GC-14B TzIO 

^bfeo /75^^^X^^ DuraSample IR (ASI T:7°^^ F >^X7^Aa 

(ASI Applied System)) SM^fe React. IR 1000 >RJS5>*lf v-X-^-ATtB^bx 



B. ; Liu. Z. /. Org. Cbem. 1988, -6126-6130 

2-3— FXi57:^— ;v 1, i-e^p<^;W2-7'D^x;^ T-fe^— ;V : Fuj ioka, T. • 
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cin-'"r^b;fe.- M«^>iT«. JE.OL. GC-mate- II T?|iJ^bfe„ 

OPiv 

5 ^--^Br 'Br 

d-mS4:-:fu^zy^U^^^y—)V0M'^(^.&g, 20 wool) (B^ftTT. l,4->' 
/7D^c;^it>5^-;i/§:^teK«!(7jc4'. 48 a»%)7?^U 3l^(7>ps^ffV\ 3- 

10 a-iMS. 7 ml, 30 mmol) IZ^-oX^U MMX' 4 fitrB^»brco METT^$i±fcm> 

mm^'t-yv b - K4^i^->/@^x5^;i^ 20/1) t«mu 3- ^''d 
. ts^i^n^^s/;!/ if;tnx— h (h^>7./=>x= 33/67, 0.63 g, m) mSY'^yT.-A- 

y^X2^-y^U^^z^)V }d.nux.— h (0.79 g, 15%)^Sife?fiiI;^«<i:bT#§o 
Z-y^U'E-^i^U^^-y)]/ kVtnx— h: FTIR (neat): cm-' 2956 (m), 2867 (m), 1725 

15 (s), 1480 (w), 1451 (w), 1397 (w), 1366 (w), 1281 (jn), 1214 (w), 1152 (s), 1102 
(w), 1032 On), 1011 (w), 951 (w), 888 (w), 772 (w), 702 (w) ; 
'H NMR (500 Mz, CDCI3) 55.11-5.06 On, IH), 4.41-3.32 On, IH), 

2.32-2.22 On, IH), 2.22-2.13 (m, IH), 2.12-2.04 (m, IH), 1.90-1.62 On, 3H),. 1. 40-1..25 
On, 2E), 1.20 (s, m, ->Xa'IW: 54.68-4.60 On, IH), 4.00-3.92 On, IH), 2.61-2.54 

20 On, IB), 2.30-2.22 On, IH), 2.00-1.94 On, IH), 1.90-1.62 On, 3H), 1.40-1.25 On, 
2H), 1.18 (s, 9H); 

'^C NMR (125 MHz, CDCI3) h^>X^I4^: 5177.5, 70.1, 48.5, 41.0, 38.8, 36.5, 29.3, 
27.1 (30, 21.3,>'XM'[4#: 5177.7, 70.8, 46.5, 42.9, 38.6, 36.9, 30.2, 27.0 (3C), 
23.4; 7^$^5fclf th^fiCnHigBrOa: C, 50.20; H, 7.28. UMii: C, 50.00; H, 7.28 
25 V'pyT.-^-rfU^l^^U^^z/)]/ tf;tnx— h: FTIR (neat): cnf' 2958 On), 2871 
On), 1723 (s), 1480 (w), 1445 (w), 1397 (w), 1368 (w), 1281 On), 1245 On), 1152 
(s), 1098 (w), 1032 On), 990 (w), 934 (w), 888 (w), 864 (w), 772 (w), 722 (w),-697 
(w), 645 (w); 'HNMR (500MHz, CDCI3) : 54.90-4.83 On, IH), 4.31-4.24 On, IH), 2.15-2.00 
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(m, 4H), 1.97-1; 87 (m, 2H), •l;73-1.6S (m; 2H),1.22 (s, 9H) ; '^C NMR (125 MHz, CDCI3) : 
5177.8, 68. 7, 51. 1, 38. 32.9 (2C), 28.9 (2C), 27.1 (30 . T^^lFf St^'fit CnHigBrO^: 
C, 50.20; H, 7.28. UPKit: C, 49.96; H, 7.32. 

5 mmm 5 

umm 5-1 --umm 5 -s 

mzm^fS^l^^UX). FeCls (5 inol«)0 THF r/n^exi^n^ 
-f^ya.O mmol), ^aM^^ma.B TMEDA (1.5 mm.)(DU^ 

10 #0 THF^M^ClJD^^;i<hTMJiS^Jiff ^i^Tco 



56 



wo 2005/075384 



PCT/JP2005/002529 



Br 

(J 



FeCl3(5mol%) ^^.Ph 
TMEDA(1.5^») 



THF 
50 "C, 0.5 h 









2 


3 4 


1 


5-1 


PhMgBr 


96 


3 




0 


5-2 


ZnCl2 + 2PhMgBr 


96 


3 




0 


5-3 


ZnCl2+ PhMgBr 


0 




mm 


>95 


5-4 


PhZnBr (Mgfree) 


0 






>95 


5-5^ 


ZnCl2 + PhLi 


0 






>95 


5-6^ 


ZnCl2 + 2PhLi 


0 






>95 


5-7 « 


ZnCl2 + PhMgBr+ Me3SCH2MgCl 


95 


4 


mm 


0 


5-8 


ZnCl2+ PhLi+ M^SiCH2MgCI 


92 


7 


0 


0 



a^t^c- SfSl*. >'x::^;U y'':7>>'^ PV-f FtTMEDA(DTHF;^ 
)^^. FeCl3 (5 mo\%)t:^'0=Eiy<PO^^V->(07B'^m(DTmmmi:i 

m^d: THF/BU20 (2/l)(D;^i® 
m'^e- THF/Et20/Bu20(2/2/l)(D;^iiS 
a't'f: THF/^>^>/Bu20(2/2/l)(D}^it 
6 

I6-I~l»il6-1 1 

^mi^fc^Jt^^iZ. ZnCli • TMEDA (1.5 mraol) <h> ArMgBr 
(0. 8-1. 0 M THF m 3. 0 mraol) O^M^ti^ 0. 5-1 BtPplJ^b, rtm^X^^nm 

r(FG)R„kvrXJ "C^T) (l.Omniol). MS. ^^V^TFeClj (0. 1 M (DTHF M, 0.5iiiL. 0.05 

inmoi)&o°cic:Ti)ax.feo 50 t:T 0. 5 B#rW4^b7co M4CI MP7K-^mrKJ:& 

^IIT^-fr, tI'^^7DUe>-;V (Florisil : ^W^M) O/"^^;/ H^ML^TMU * 
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umm 6-1 

■ 5 /Nn^>'fb#J : a— a^^-^Xi. O mmol) 

^^mmm -yyx.-)v^(h 5 mmoi) 
mmm: 0.5 mm 
Mmmm (157 mg, m)o 

10 /Vny>M^ : t7'n-=E5>^7n^;^it>(L0 nnnol) • • ' 

: z^yx.:=.;vm^a. 5 mol) 

mmmma^^ m, mo 

15 An^Ml^ : ^nnv^n^WXi. o mmol) 
m^m^^ : i^:7air:;HEI&(l. 5 mmol) 

mmm: 3 

^i^5»«(141 mg, m)o 
^M'ih'a^^(D^^^lTT~^\'t. Nakamura, .M. ; Matsuo, K. ; I to, S. ; Nakamura, .E. /, Am. 
20 ' CheiB. Soc. 2004, 126, 3686-3687 l^Z^g-^nTV^^&o 
M^^!l6-4 (3-:7x:n;k-3l/Xi5'» 
AnyMbtJ: 3Q!-i^nnnl/Xi57Xl.O mmol) 
: >^:7xr.;P«(l. 5 mmol) 

25 e'feS#^(Q!//3= 14/86, 399 mg, 89%); 

FTIR (neat): cm"* 3025 (w),2925 (s), 2867 (m), 1466 On), 1447 (m), 1382 (w), 758 
(w), 681 (s); 'HNMR (500 MHz, CDClj): (57.39-7-13 On, 5H), 3.11-3.05 On, 0.14fl), 
2.59-2.49 On, 0.86H), 2.09-0.64 On,. 46H) ; '^C NMR (125 MHz, CDCI3) jS-^'W (^ 
6.147.7, 128.2 (2C),. 126.8 (20, 125.6, 56.6, 56.3, 54.6, 47.0, 44.9, 42.6, 
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40.1, 39.5, 3.8.9; 36. 6, 36. 2, 35, 9., : 35. 7,- 35. 6, 32.2, 29.9, 28.9, 28.3, 28.0, 24.2, 
23.9, 22.9, 22.6, 21.0, 18.7, 12.5, 12. 1; T^^^ff ItMil C33H52: C, 88.32.; H, 11.68. 
^IMi: C, 88.12; H, 11.73 

5 }\U^y\\m : 5-3-F-l-(hU;<5^;i/>'U;i/)-^>^-l-f Xl.O mmol) 
WaWiJ!^ : >^:7xn;i/«(l. 5 mmol) 
mmWi: 0.5 Bt^ 

^mmm(.m mg, 93%) ; 

FTIR (neat): cm"' 2958 (w), 2902 (w), 2175 (w), 1478 (w), 1451 (s), 1395 (w), 1366 
10 (s), 1268 (w), 1167 (w), 997 (s); 'H NMR (500 MHz, CDCI3) : 6 7.31-7.25 (m, 3H), 
7.21-7.17 (jn, 2H), 2.72 (t, /= 7.6 Hz, 2H), 2.24 (t. /= 7.1 Hz, 2H), 1.84 (tt, 
/= 7.6, 7.1 Hz, 2H), 0!l6 (s, 9H) ; '^C NMR (125 MHz, CDCI3) : 5141.3, 128.2 (2C)., 
128.0 (20, 125.5, 106.8, 87.4, 34.5, 30.0, 19.1, 0.0 (30; HEMS (EI, 70 eV) a/z 
CMQ' ttMil Ci^H^oSl, 216.1334; «Jfit, 216.1305. TC^^^tJf tf#ffi Ci^H^oSi: C, 77.71; 
15 H. 9.32. mmm:. C, 77.53; H, 9.13. 

6-6 --wmm 6-7 (X5=-;V 6- >'x:n;i/^c^^iJ-y x— h) 
Mi^M6-6 

AD^Mf^ : X5^;i/ 6-a— H^^l^yx— h (l.O mmol) 

^^^mm : i^y^3^x;|/«(l. 5 mmol) ■ " : . 

20 MfS^rel: 0. 5 ^PbI ■ 

m^mmm>m> 99«) 

Mi^M6-7 

/\D^>{btl : X5^;l/ 6-:/D^^4^+h/X— h (l. O mmol) 
W^MiiS^ : e^:7xx;i/« (1 . 5 mrao 1) 
25 .RfSBt^: 0. 5 

(200 mg, 91%) 

^fb•^®^^lT^^S'^^^ Zhou, J. ; Fu, G. C. /. M. Chem. Soc. 2004, 126, 1340-1341 

6-8 (5- (4-^^;i/:7xx;i/) ^>5=-;WTi^T— H 
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/\n^>M^ : 5->''o^^>9^;V7'-fe^ b (1 . 0 mmol) 
: e^(4-^5^;l/:7x:n;l/)«^(L 5 mmol) " 

5 FTiR (neat): cm"^ 3020 (w),2933 On), 2866 (w), 1739 (s), 1517 (w), 1463 (w), 1366 
On), 1286 (s), 1044 On) , 805 On) ; 'H NMR (500 MHz, CDCI3) : 67.12-7.03 On, 4H), 4.04 
(t, 7=6.1 Hz, 2H), 2.57 (t, 7=7.8 Hz, 2H), 2.31 (s, 3H), 2.03 (s, 3H), 1.68-1.58 
On, 4fl), 1.43-1.34 On, 2H); '^C NMR (125 MHz, CDCI3): 5171.2, 139.3, 135. 1, 128.9 
(20,: 128.2 (20, 64.5, 35.3, 31.1, 28.4, 25.5, 21.0 20,9; T^^tff .fff#ffi C.AoOz: 
10 C, 76.33; H, 9.15. I^Mit: C, 76.33; H, 9.19. • 

mkm 6-9 (4- (2-><5^;i/:7aiz:;0 n^^->;i/ tf/^^nx- h) 
/Nn^Mbtf : ##M 1 "^#5)^1;^ h ^>x-4->^D^5/i^ n^^v';i/tf;tnx— h (1. 0 

mmol) 

^^m^m : z^(2-^^)]yy:c:=.Jldmm(l. 5 mmol) 

15 s^sBtPHi: o.^mr^ 

ii^H^TO(268 mg, 98%, h^>7yv'X = 55/45); 

FTIR (neat): cm-^ 3022 (w),2937 On), 2863 (w), 1723 (s), 1480 (w), 1461 (w), 1283 
On), 1162 (s), 1034 On), 1015 On), 751 On), 726 (w) ; 'H NMR (500 MHz, CDCI3) 
>XMi»: 6 7.21-7.07 On, 4H), 4.80-4.73 On, IH), 2. 76-2.70 On, IH), 2.33 (s, 

20 3H), 2.12-2.07 On, 2H), 1.91-1.85 On, 2H), 1.63-1.41 On, 4fl), 1.20 (s, 9H), 

^i*^: 67.24-7.08 On, 4B), 5.11-5.08 On, IH), 2.82-2.74 On, IH), 2.35 (s, 3H), 
2.05-1.98 On, 2H), 1.84-1.74 On, 2H), 1.71-1.62 On, 4H), 1.26 (s, 9H) ; '^C NMR (125 
MHz, CDCI3) h^>XM'I4f*: 6178.1, 144.1, 135.2, 130.3, 126.2, 125.8, 125.1, 72.5, 
38.9, 38.6, 32.1 (20, 31.3 (20, 27.1 (30, 19.3, ->XM4f*: 6177.8, 145.0, 135.1, 

25 120.3, 126.2, 125.7, 125.2, 68.4, 39.1, 39.0, 30.5 (20, 27.6 (20, 27.3 (30, 19.4; 
T^^^tlf tmt CigHjeO^': C, 78.79; H, 9.55. mm&: C, 78.64; H, 9.54. 

m^me- 10 (3-(4-^h^v':7xx;w:/pif:^xhu;i/) 

An<^rMbt» : 3-3— HyDl:f::fXhU;Kl.0 mmol) • 
: i^a-^ h^.>'7aix;W«a. 5 mmoO 
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Mmmmm mg, 86%) ; 

FTIR (neat): cm"' 3004 (w),2937 (w), 2836 (w), 2240 (ja), 1611 (w). 1509 (s). 1459 
(w), 1301 (w), 1245 (s), 1177 (m), 1109 (w), 832 On), 809 (jiO, 700 (w) ; 'HNMR (500 
5 MHz, CDCI3): 57.09 (d, /= 8.5 Hz, 2H), 6.84 (d, /= 8. 5 Hz, 2H), 3.77 (s, 3H), 
2.70 (t, 7=7.5 Hz, 2H), 2:28 (t. 7=6. 8 Hz, 2H), 1.92 (tt, 7=7.5, 6. 8 Hz, 2H) ;- 
•^CNMR (125 MHz, CDCij) : 5158.0, 131.5, 129.2 (2C), 119.5, 113.8 (20, 55.1, 33.2, 
26.9, 16.1; TC^tff tf^ffi CuHigNO: C, 75.40; H, 7.48; N, 7.99. I^it: C, 75.29; 
H, 7. 67; N, 7.72 ... 

10 mmm e - 1 1 x^^^jv 2, 3, 4- h o-o-y&jv-^-^^^t^i^-^-i^, 4-(^5"w>i^:t4^ 

v-) y3i:n;v]-i8-D-^*;i/n tf^/v^F) 

Any>-fbtf : ^f-)^ 2,3,4-^U-^^T^r5=■;M-5^?^^v'-6-a— H-i8-i)-^;i/ritf-^/ 
i/Fd.Ommol) 

: >?C3, 4:-(^^U>z^:t^>d yx.-)V]mm(2. 0 nmol) (ZnCl^ • TMEDA (2. 0 
15 mmoDiArMgBr (0. 8-1. 0 M OTHF^fg, 4.0 mmol) Sr^bTto) 

FTIR (neat): cm"' 1746 (s), 1492 (jnO, 1443 (m), 1366 On), 1216 (s), 1030 (s), 928 
(m), 809 (w); 'HNMR (500 MHz, CDCI3) :. 56. 75-6. 71 (jn, 2H), 6.66-6.62 (ni,. lH), 5.93 
20 (s, 2H), 5.44 (t, 7 = "9.5 Hz, IH), 4.94-4.85 (jn, 3H), 3.91 (dt, 7= 9.5, 2.9 Hz, 
IH), 3.11 (s, 3H), 2.78-2.72 (jn, IH), 2.66-2.60 (jn, IH). 2.06 (s, 3H). 2.04 (s, 
3H), 2.00 (s, 3H); NMR (125 MHz, CDCI3) : 5170.1 (20, 169.8, 147.4, 146.1, 130.1, 
122.2, 110.0, 108.0, 101.2, 100.8, 96.2, 72.3, 71.0, 70.3, 69.4, 54.9, 37.1, 20.7 
(20, 20.6; T^^lff ft^it Cj^Oioi C, 56.60; H, 9.70. «fii: C, 56.54; H, 5.97. 

25 
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(FG)RaikyrX 



'Ar2Zn.TMEDA(1.5eq) 

FeCIa (5 mol%) 
>- 

THF, 50 "C, 0.5 h 



(FG)Raikyi— Ar 



(FG)RaikyrX 



6-1 
6-2 
6-3 

6-4 • 

6-5 

6-6 
6-7 

6-8 

6-9 
6-10 

5-n 



P8H17 




Me' 



PhzZn 

PhaZn 

PhaZn 
Ph2Zn 



2n 



PivQ 



OAc 




98 (X = D 
97 (X = Br) 

88 (X = CI) 



S9' 



93 

99(X = I) 
91 (X = Br) 

83 



98- 



86 



90 



0:^^ ^ m i-i W-M u m ^ -r 



tmm 7-1 ~i^M7 - 6 



62 



wo 2005/075384 



PCT/JP2005/002529 



f^bfcs^s^j^s . ^^^m^mm Arm a = sr, d (o; 5 M THF m, 4. 0 mi, 

2. 0 moOi&iaVi^^^'^^Afb^tJMesSiCHaMgCl (1. 1 M m^Q, ^ 1. 8 mL, 2. 0. mmol) (DM 

0 "CT 0.5-1 ^pTO^bfeo m^ntcmmz. TMEDA (O.SOmL, 2.0 mol). 
}\Xi^y\\m («6'4'> r(FG)R„^rXJ "^t-) (l.Onnnol). FeClg (0.1 M 

5 IHFJM, 0.5 mL, 0.05 moD^O °CTiP^feo ,KJ^N^-&«30 ^r^lffl^Ufeo 
IMnNHjCl 7j«irt?^^IIT$i±. ^•^tl^:7DUi^-;V (Florisil : MiS^ ®A ' 

mmi 7-1 (x.^)v 3- [5- ( b u ^5^;uv'U )V)^y^-4rri)V\ ^>yx- h 

10 ;\ti^yim} : 5-a— F-l-(hU^9^;V>^U;i/)-^>^-l— rXl.O- mmol) 

^m^^M : 3-(x h4^->:^>;i/zi^x;i/) :7xn;i/:«a-:$^V F (2. o mmoi) 

^^mmm mi m, 9i«) 

FTIR (neat): cm"' 2955 (w), 2904 (w), 2175 do), 1717 (s), 1447 (w), 1365 (w), 1275 
15 (s), 1195 (w), 1105 (m), 1025 (w), 841 (s), 750 (m), 712 (mi): 'HMR (500 MHz, CDCp : 
57.91-7.86 On, 2H), 7.41-7.33 (m, 2H), 4.38 (q, 7=7.1 Hz, 2H), 2.78 (t, 7=7.5 
Hz, 2H), 2.24 (t, 7= 7.1 Hz, 2H), 1.86 (tt, 7= 7.5, 7.1 Hz, 2H). 1.40 (t, 7 = 
6.9 Hz, 3H), 0.18 (s, 9H); NMR (125 MHz, CDCI3) : 5166.7, 141,8, 133.0, 132.7, 
130.5, 129.5, 127.1, 106, 7, 85.2, 60. 9, 34.4, 30.0, 19.2, 14.3, 0.1 (3G) : tcI^^ 
20 ' tf tf^tt C1TH24O2SI: C, 70.78; H, 8.39. »M: C, 70.64; H, 8.52 

wm^ 7-2 3- (3->'Ty ifu \f.}V) ^>yx- h) 

;\U^>im : 4-3— F:^^nxhU;Kl.O mmol) 

: 3-(X h^v';^j;i/3}?r:;i/) :7aix;l':» B-^^ H (2. 0 mmol) 

^tr^i: 6 H#r«i 

25 (156 rag, 72%) 

FTIR (neat): cm"* 2981' (w), 2937 (w), 2871 (w), 1713 (s), 1445 (w), 1368 (w), 1277 
(s), 1196 (s), 1106 (s), 1084 (m), 1023 (jn),. 861 (w), 751 (s), 695 (jn); 'HNMR (500 
MHz, CDCI3): (57.92-7.84 (m, 2H), 7. 38-7.35 (m, 2H), 4.36 (q, 7 =7.1 Hz, 2H), 2.81 
(t, 7 =7. 5 Hz, 2H), 2.32.(t, 7= 6.9 Hz, .2H), 1.99 (tt, 7=7.5, 6. 9 Hz, 2H), 1.38 
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(t, /= 7.2 Hz. BH); .'.^C NMR' (125 MHz, CDCI3) ; ■ 6166.4, 139. 9,' 132. 8, 130.8, 129.2, 
128. 6, 127. 7, 119. 2, 60. 9, 34. 1, 26. 7, 16. 3, 14. 1 ; Ttm^^Jf Bt^fil C.^HisNG^: C, 71. 78; 
H, 6.96, N, 6.45. 

X = 33/67, 1.0 mmol) 

: 3-(X h^-^tUV^M yx.:=.JVmm B-y-i H (2. 0 mmol) 
mmm: 24^^ 

mmmm m w, m, h^>7>/->x = 47/53) 

10 FTIR .Cneat):' cm' 2977 (w), 2937 (w), 2867 (w), 1721 (s), 1283 (m), 1162 (m), 1109 
(m), 1028 (w), 754 (w), 654 (w) ; 'HNMR (500 MHz. CDCg h^>X^'[»: 57.92-7.86 
On, 2H), 7.42-7.33 (m, 2H), 5.21-5.16 (m, IH), 4,38 (q, 7=7.1 Hz, 2H), 3.01-2.92 
(jn. IH). 2.08-2.02 (jn, IH), 1.98-1.90 (m, 2H), 1. 77-1. 67 On, 3H), 1.58-1.47 On, 
2H), 1.40 (t, 7=7. 2 Hz, 3H), 1.26 (s, 9H), i^X^'I*^: (57.92-7.87 On, 2H), 7.43-7.34 

15 On, 2H). 4.87-4.79 On, IH), 4.38 (q, 7 =7. 2 Hz, 2H), 2.77-2.68 On, IBD, 2.19-2.13 
On, IH), 2.08-2.01 On, IH), 1.97-1.90 On, IH), 1.90-1.83 On, IH), 1.58-1.33 On, 
4H), 1.40 (t, 7= 7.2 Hz, SH), 1.18 (s, 9H) ; NMR (125 MHz, CaDCls) b^>X^I4 
6177.7, 166.8, 146.8, 131.4, 130.6, 128.4, 127.9, 127.3, 69.3, 60.9, 39.0, 
38.4, 37.2, 33.4, 29.3, 27.2 (3C), 21.1, 14.3, i/XMW: 6177.9, 166; 7. 146.1, 

20 131.4, 130.6, 128.4, 127.8, 127.4, 72.5, 60.9, 42.4, 39.1, 38.6, 32.9, 31.2, 27.1 
(30 , 24.1, 14.3 ; 7^^^ WcmM. Q>^%: C, 72.26; H, 8.49. 

TOM 7-4 (A-zy^ n^^>';i^>\/x h U;W 
/\u^>^m : 3-:/n^->iJ7n^^+l->(1.0 mmol) 

^mm^mm 4->Ty:7aix;i« yu-^-i h(2.o mmoi) 

25 ^/iSNFrsI: 6Str^ 

m&mmm (i67 mg, m) 

FTIR (neat): cm"' 2925 (s), 2852 On), 2227 .On), 1607 On), 1505 On), 1449 On), 1415 
(w). 1177 (w), 1000 (w), 823 (s) ; 'H NMR (500 MHz,' CDCI3) : 67.56 (d, 7= 8. 6 Hz, 
2H), 7,30 (d, 7= 8.6 Hz,. 2H), 2. 12-2. 00 >, IH). 1.92-1.80 On. 4H), 1.80-1.69 On, 
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IH), 1. 47-1.. 33 •■(m, 4H), 1. 33-1, 20 :(jn, IH) ; '^C MR (125 MHz, CDCip : 5153.4, 132.1 
(20, 127.6 (20, 119.1,' 109.5, 44.7, 33.9 (20, 26:6 (20, 25.9; jimMv sMi^ 
CigHisN: C, 84.28; H, 8.16; N, 7.56. mm.: C, 84.12; H, 8.36; N, 7.36. 

5 /\tiy>im : 4-yD^^ (^>-:/;i/:t^->:i?;Vfc;i') tf^U S^Xl. O mmol) 
^^mM^MM : 4->'Ty y^W^-i F (2. 0 mmol) 

Rjmm: ■ 

^mmt^ (253 mg, 79%) 
FTIR (neat): cm"' 3014 (w),2943 (w), 2923 (w>, 2856 (w), 2227 (jn), 1688 (s), 1466 

10 (jn), 1455 (m); 1436 (m), 1273 (w), 1218 (s), 1125 (m), 1057 (m), 1009 (m), 917 (w), 
838 (m), 760 (s), 702 (s) ; 'HNMR (500 MHz, CDClj) : (57.59 (d, 7=8. 6 Hz, 2H), 7.39-7.26 
(jn, 7H). 5.16 (brs, 2H). 4.35 (br s, 2H), 2.89 (br s, 2H), 1.90-1.78 (jn, 2H), 1.70-1.58 
On, 2H); '^CNMR (125 MHz, CDClj): 5155.2, 150.8, 136.7, 132.4 (20, 128.5 (20, 
128.0, 127.9 (20, 127.6 (20, 118.8, 110.3^ 67.2, 44.3 (20, 42.7, 32.6 (20; 

15 TG^^^^Ff ItMit C20H20N2O2: C, 74.98; H, 6.29. N, 8.74. IIMt: C, 74.80; H, 6.42, 
N, 8.54. 

mmm7-6 (2-t!U5^;i^;^j» 

AU-^^MbtJ : a— H5^:^7X1.0 mmol) 

: 2-tfU :/PV-rH (1.5 mmol) ' .- . 

20' Rsmm: o.5B#rHi 

M^mm (215 mg, 98%) 

FTIR (neat): cm"' 2923 (s), 2854 (s), 1590 (jn). 1569 (w) 1468 On), 1434 On), 1148 
(w), 1050 (w). 994 (w), 747 (s) ; 'H NMR (500 MHz, CDCI3) : 58.52 (d, 7=4. 6 Hz, 
IH) 7. 58 (td, 7 = 7. 6, 1.8 Hz, IH) 7. 14 (d, 7 = 7. 5 Hz, IH) 7. 09 (dd, 7 = 6. 9, 
25 4.9 Hz, 3H), 2.78 (t, 7=7.7Hz, 2H), 1.75-1.68 On, 2H), 1.40-1.25 On, 14H), 0.89 
(t, 7= 6.9 Hz, 3H); '^C NMR (125 MHz, CDCI3) : 5162.5, 149.2, 136.2, 122.7, 120.8, 
38.4, 31.9, 29.9, 29.6, 29.5 (20, 29.4, 29.3, 22.7, 14.1; 7^5:^tff B1#te C^N: 
C, 82.13; H, 11.49; N, 6.38. ^ijfit: C, 82.01; H,- 11.39; 6.19. 
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•(FG)Ar2ilCH2SiMe3(2.0 eq) 
FeCIs {5 moI%) 
TMEDA (2.0 eq) 

(FG)RalkyrX (FG)Raiiq<-Ar(FG) 

THF, 30 "C. 6 h 



umm {FG)Raikyrx ^m^^mm jripw 



7 — 1 


MeaSr 




91 


7-2 




n 


79 
/ A. 


7-3 






78 


7-4 


. a, ■ 




90 








79 


7-6 


/>CioH2i — 1 


cx 


98 



^'P. L{4 CH2SiMea 



- FxiS':^;^ 1, i->?^5^;i-2-yn^;i/Tii5?"- h (i. o mmoi) ^mm l^fcU 

FTIR (neat): cm"' 3008 (w), 2962 (m), 2933 (m), 2873 (in), 1455 (w). 1366 (w), 1328 
10 (w). 1246 (w), 1096 (s), 1034 (s), 980 (s). 911 (w), 836 (w), 726 (m), 699 (s) ; 'H 
NMR (500 MHz, (HDCg h-^>7.M'[»: (57.30-7.26 (m, 2H), 7.21-7.15 On, 3H), 4.97 
(d, 7=4.6 Hz, lie, 3.65 (dt, 7=9.7, 6.9 Hz, IH), 3.30 (dt, .7=9.7, 6. 9- Hz, 
IH), 2.74-2.66 (m, IH), 2.50-2.40 (m. 2H)', 1.94-1.87 (m, IH), 1.82-1.72 (m, IH). 
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1.55-1.45 (m, 2H), h 38-1. 26- (m, .2H), 1:30 (s, 3H), 1.13 (s, 3H), 0.89. (t, 7=7.2 
Hz, 3H), e^-XM'f^* (57.31-7.25 On, 2H), 7.22-7.14 On, 3H), 5.03-4.99 On, IH), 3.71 
(dt, 7=9.7, 6.9 Hz, IH), 3.34 (dt, 7=9.7, 6. 9 Hz, IH), 2.75-2.68 On, IH), 2.57-2.49 
On, IH), 2.27-2.18 On, IH), 2.12-2.04 On, IH), 1.78-1.65 On, IH), 1.60-1.48 On, 
5 2H), 1.44-1.32 On, 2H), 1.26 (s, 3H), 1.23 (s, 3H), 0.92 (t, 7 = 7. 2 Hz, 3H) ; '^C 
NMR (125 MHz, CDCI3) 5140.8, 128.7 (2C), 128.3 (2C), 126.0, 101. t ' 

83.4, 66.6, 47.6, 40.0, 36.4, 31.8, 29.7, 23.8, 19.4, 13.9, i^xm^^: 5140.9, 
128.6 (20, 128.4 (2C), 126.0, 103.0, 82.7, 67.7. 50.3. 39.0. 36.6. 31.9. 28.0, 
23.2, ;i9. 4, 13.9; jmMf mmM. CM: C. 77.82; H, 9.99. ^it; C, 77.69; H, 
10 10.02. ■ ' '■ ■ 

mmm 8-2 (5- h^->-2, 2-i^^=^jv-^- [3, 4- i^^U^z^^-^) :7xn;i/^5^;i/3 

m^m^mtvx. 5^[3,4-(^^i/>'e^^>')>'3ir-;i']Mi^(i-.5 mod^mmu 

15 (1. Ommol) ^^^bfcB^JS^fJ6 - 1 iilH^O^T^fb-^^ftrc mkA)o M 
^Wmm (264 mg, 86%) ; 

FTIR (neat): cnfi 2964 On), 2935 On). 2875 On), 1505 On), 1490 (s), 1441 On), 1366 
(w), 1245 (s), 1191 (w), 1096 (s), 1036 (s). 980 (s). 924 On), 812 (w); NMR (500 
MHz, CDCI3) <5 6.71 (d, 7= 8.0 Hz, IH), 6.69 (s, IH), 6.61 (d,. 7 

20 =8.0 Hz, IH), 5.92 (s. 2H), 4.96 (d. 7 =5. 2 Hz. IH), 3.65 (dt, 7=9.2, 6. 6 Hz, 
IH), 3.30 (dt. 7=9.2, 6. 6 Hz, IH), 2.68-2.59 On, IH). 2.43-2.34 On. 2H). 1.94-1.87 
On. IH), 1.80-1.69 On, IH), 1.56-1.46 On, 2H), 1.38-1.27 On, 2H). 1.30 (s, 3fl), 
1.11 (s, 3H), 0.89 (t, 7 =7. 4 Hz, 3H), e/XS'W56.72 (d. 7 =8.0 Hz. IH). 6.66 
(s. IH). 6.61 (d. 7= 8.0 Hz, IH), 5.92 (s, 2H) , 5. 03-4. 98 On, IH), 3.71 (dt, 7 

25 =9.7, 6.9 Hz. IH). 3.34 (dt, 7=9.7, 6.9 Hz. IH), 2.66-2.57 On. IH), 2.48-2.40 
On. IH), 2.27-2.18 On," IH), 2.07-1.97 On, IH). 1.78-1.67 On. IH), 1.60-1.47 On, 
2H), 1.43-1.30 On, 2H), 1.24 (s, 3H), 1.23. (s, 3H), 0.92 (t, 7= 7.2 Hz, 3H); '^C 
NMR (125 MHz, CDCls) h7>X^'l4#:: (5147.5, 145.7, 134.6, 121.5, 109.1, 108.1, 
101.7.. 100.8, 83.3. 66.6. 47.8. 38.9. 36.1. 31.8. 29.7. 23.8, 19.4, 13.9, >-X^ 
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'[»: 5147.5, 145. 7i. 134.7, 121..4i- 109.0, 108.1, 103.0, 100.8, 82.6, 67.7, 50.4, 
39.0, 36.2, 31.9, 28.0, 23.2, 19.4, 13.8; 7m0^ nfMm CA^^i- C, 70.56; H, 8.55. 
||^iM:C, 70.28; H, 8.60 
mm^]8 - 3 (5->^h^v'-2, 2-z^^^)V-Z-(.4:-zyryy3::^JV^^)V)y^h9\i Ho:7 
5 ^» 

^m^^MtVX. 4-v'Ty:7x:n;V» :/n^-r H (2.0 mmoD^MU An' 
(1. 0 ramol) U SfSBtrsIS 24 m^tVTdm-^t.. 7-1 <fc|Wil®^T^ 

10 FTIR .(neat) :' cm-' 2962 (m), 2933 (m), 2871 (w), 2229 (jn), 1609 (m) , 1451 (w), 1366 
(w), 1328 (w), 1246 (w), 1094 (s), 1034 (s), 978 (s), 911 (w), 854 (nO, 822 (m), 
764 (w); ^HNMR (500 MHz, (DCI3) h^>X^I4^:. 57.58 (d, /= 8.2 Hz, 2H), 7.29 
(d, 7=8.6 Hz, 2H), 4.97 (d, 7=4.6 Hz, IH), 3.65 (dt; 7=9.2, 6.6 Hz, IH), 3.30 
(dt, 7=9.2, 6.6 Hz, IH), 2.82-2.74 (m, IH), 2.55-2.39 On, 2H), 1.87-1.83 (m, IH), 

15 1.80-1.72 On, IH), 1.56-1.46 (m, 2H), 1.38-1.27 (m, 2H), 1.32 (s, 3H), 1.13 (s, 
3H), 0.89 (t, 7= 7.4 Hz, 3H). i^7.M'l*#^(57. 58 (d, 7= 8.0 Hz, 2H). 7.29 (d. 7 
= 8.6 Hz, 2H), 5.04-4.98 (jn, IH), 3.71 (dt, 7=9.2, 6.9 Hz, IH), 3.34 (dt, 7 = 
9.2, 6.9Hz, IH), 2.82-2.74 On, IH), 2.66-2.58 On. IH), 2.22-2.13 On, IH), 2.12-2.04 
On, IH), 1.75-1.68 On, IH), 1.65-1.45 (m, 2H), 1.43-1.25 On, 2H), 1.25 (s, 3H), 

20 1.22 (s, 3H), 0.92 (t, 7= 7.2 Hz, 3H) ; NMR (125 MHz, CDCI3) h^>'X^'I4'^: 
(5146.4, 132.2 (2C), 129.5 (2C), 111 9, 110.0, 101.6, 83.2, 66.6, 47.3, 38.7, 36.6, 
31.7, 29.6, 23.8, 19.3, 13.8, 5146.5, 132.1 (2C), 129.4 (2C), 118.8, 

109.8, 102.7, 82.5, 67.5, 49.5, 38.5, 36.6, 31.7, 28.0, 23.2, 19.2, 13.7; 
HfstMii CANO^: C, 75.22; H, 8.77; N, 4.87. ^Mft: C, 75.04; H, 8.84; N, 4.72. 

25 
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;7-BuO^^ — /7-BuO 




8-1 
8-2 


0^ 


A 
A 


76% (63/37) 
86% (64/36) 


lB-3 




B 


. 73% (63/37) 



tSaM 9-1 9-15' 

15 
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a 



Br 



FeCl3 (5 mol%) 
ZnCl2-TMEDA(1.5 ) 

PhLi (3.0 ) 
)\y -(7.m±mik{20 mol% ) 

THF/BU2O, 50 °C, 1 h 



a 



Ph 











•J 


GClIX^ 


£(%) 


1 
i 


9-1 


MgBra 




>98 






0 


9-2 


CaCl2 




0 






>98 


9-3 


BF3-OEt2 










<9n 


9-4 


BEta 


1.0-M --vJp-y-r/j^jiS 


0 


1 


1 


>95 


9-5 


MeaSiCi 




3 


6 


2 


<90 


9-6 


SnCU 


I.O-M ^Z^^ly)^}^ 


0 


2 


2 


>95 


9-7 


CuC!2 


(120 -C, 1 h, <0.5 mmHg) 


0 


2 


3 


>95 


9-8 


TICI4 


1.0-M H;L/X>;§;"S 


>98 


1 




<1 


9-9 


ZrCU 


(120 °C, 1 h, <0.5 mmHg) 


90 






10 


9-10 


HfCU 


(120 °C, 1 h, <0.5 mmHg) 


76 


1 


1 


11 


9-11 


AICI3 




85 






12 


9-12 


GaaCU 


( 80 °C, 1 h, <0.5 mmHg) 


10 


4 


5 


17 


9-13 


InCl3 


IJi'jg (120°C, 5h, <0.5mmHg) 


0 




as 


>9B 


9-14 


CeCb 


ffeift ( 90 °C, 5 h, <0.5 mmHg) 


1 


1 


3 


>95 


9-15 


Sml2 


1.0-M THF;t;"^ 


0 


a» 




>98 



10 



15 



^?gf±^^$T»niiiRfc/^^o 9-3 -Km-^j 9-7)0 

Tfi^ofc 9 - 8 -iieS^M 9 - 1 0 ) o Sfcig{bT;l'^n'^A^« 
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10 ■ . • ■ • 

«M1 0 

cat. FeCIa 

^^^J^^^^ PhMgBr/TMEDA ^A^^^A^ 

15 

2,4->^i^ DD^>i$^> (70.5 mg, 0.5 mmol) i: FeCIa (0.5 mL © 0. 1 M THF 
mm. 0.05 mmol) (DW^i^O TYIF (0.5 mD^^tCI. 50 'CT. 1 ^^fC:bJ^ 
oT> v-U >5^#>:7°^irM.T> :7x:n;vv^^^^>-'j7Ayn^-r F.(i.25 mL 
(D 0.96M THF 1.2 mmol) :BlXS TMEDA(181. 1 ^L, I. 2 mml) (DU^^ 

Hff M <h t- ^ ^ #1 ^ » 65 /"cK i|X * T # & n :i ^ ^ ^ n o ti m s 

25 $^TXT-l/:tV— 1:1 W^mo)'^ MR (500 MHz, CDClg) (51.16 (d, / = 
6.9 Hz, 3H, —Z^CDz^rXy^U^t'^ — O^.Cff,), 1.23 (d, / = 6. 9 Hz, 3H, 
'fe^— :^©>^TXy — © C^a), 1.76 (distorted dt, /= 13. 2, 7.4 

Hz, 0..5H, -r'y^(DpyX'T-U:t'^~-o:>. Cm, 1.87 (t, / = 7. 4 Hz, IH, 
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>^©i^T'X 7^1/^ N^^.(?5C.^2)' 1- 94' (distorted dt, 7=13,2, 7. 4 Hz, 
0.5H, —^(D-jy7.'rV-:^'^ — (D-Zm-), 2.48 (sextet, 7=7.4 Hz, IH, 
'ho—-:b(D-Jr7.'rV't^ — (DQ,m\i), 2.64 (sextet, 7= 7.4 Hz, IH, 
>^(D$^TX5=-1/^^— ® C^h), 7.10- 7.21 (m, 6H, n-J7 T.'rV-t'^—CO 
5 ^miMy''uVy), 7.26-7.31 (m, 4H, Mi^^r 7.v^V^^-(D'^mMy''U h 
». EI-MS (70 eV) m/z [M] • + It^fi CnHao. 224.2, *?|iJiit 224. 0 

«M1 1 

2, 4, 6- h U acn;W^:/iS7 > 

10 ■ ■. • " ■ 

cat. FeCIa 
9' 9' 9' PhMgBr/TMEDA 



2, 4, 6- h U ^ n D^y37 > (67 mg, 0. 33 mmol) IBiXS FeClg (0. 5 mL of a 0. 1-M 

THF solution, 0.05 w&oi) (Du^mo mm^. 5o°cfcT^ ^ m^\-^t)rc 

15 -^T. >>^#>y^::n-bT> :7xZi;i/ViJf:t^ix^7A:/DV-< H (1.25inL 
of a 0.96-M THF solution, 1.2 inL) ^rJ^ TMEDA (181.1[xL, 1.2 mmol)(D?g 

SecDe^TXT-l/:^'^— tM-o-tlC) 'H NMR (500 MHz, CDCI3) 51.04 (d, 7 
.= 6.9 Hz, 1.0 H) 1.05 (d, 7 = 6. 9Hz, 1.4©,' 1. 12 (d, 7 = 6. 9 Hz, 1.8H), 
1.15 (d, 7= 6.9 Hz, 1.8H), 1.69- 2.01 (m, 4H), 2.30- 2.62 (m, 3H), 
25 6.96- 7.31 (m, 15H, ^#J^yDh», EI-MS (70 eV) 72m/z [M]-+ 
CogH,,, 328. 2, ^tia-fS 327. 9o 
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. •■ •• ' m- (D m m 

1. TBB^ (1) ^m-^n^^mmt^m(Dmm-:^W:'v^^x. 

R-A (1) 

mmM^iy<u^mmmx^-DX. mmmi-t. mmm^f-x^^^-N (b) • 

0 ^'ft:7jcms^ X ^ W b T T ^ c 1 ~ c 1 0 T ;v 3 ^ n 

^M;^:feJ:tJ?>?T^>"ft;'^tJ#i£T. TtB^, (2) T^^n^^fb-^tfi, 
R-X (2) 

15 5^;i/Ta&^o ] 

TlB^ (3 a) T^$n^^#J^V^^^>"^A^^.t. 
A-Mg-Y^ (3a) 

2. mmm^^> mmx\tmmi^x:^^^t^wwLtT^. m^mi\zmm 
25 3 . z^r^xh-^mf)^. 2mu^'?x^^^t^wm.t'r^. m^mix 
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6. TtB^ (1) ■x^'^n^'^wm^t^m(Dmm:^m'v^^x. 

R-A . <1) . 

5fnmS^L.<}*^ISfR^ST^oT, WsB^^d:, i^^M^Xti^-N (B) 

TIBSC (3 a) T^^n^^#i^Viif:^5/^AIS^^. 
A-Mg -Y^ . (3 a.) 

Z^-Zn-Z^ (4b) 
R-X (2). 
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10 ■ ■ ■ 

15 10. A^^\ gm»^WL.TViTfeJ;ViC4~C2o>^U-;i'»T^^C:<h 

1 1. TtB^ (1) T^^n§"^#Mb^i^(^M3t;^feTa5oT. 

R-A • . (1) 

20 ' [^ff'> R«. mi^M^^VX^>Xh^l^^it7mM. XU. C3~Ciota 

0 ^'fb7jcmS^ X ^ W b T T J; C 1 ~ C 1 0 ^ ^ ^ >^ ^I^^— 
■ A-L i . (3 c). 
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TfB^ (4 b) x-m-^n^mmh-^mt^Km-^-^. 

Z^-Zn-Z^ (4b) 
^V^T, 5^i?'>, /\y-^j^. ;9^U'^ARtX' 

10 " R-X ■ ■ (2)- 

13. >^T^>'fb'&#j:d^> 2miafe^T^^;i<h§#i^<hf§. ^^3^1 

20 

^^vx^^xh^\^^m=:.mr)v^)vmx;&^^t^<^WLtT^. m^mi i 

1-1 4©ViTm^(::SBmo^#Mb'a-tf®M5t:^ 
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M (Z ^) „ (4 c) 

^Ti5^o ] 

10 17.. TIBtC (1) T^^na^^^^^b-^tJ^Mit^^^T^^T. 
R-A (1) 

fP3^«^b<ti:^t^fP3^«T^oT, teSB^f*, mmM^X«^-N (B) 

i^T^yit^m^&T: TIH^ (3 b) T^$rL§5f#i^MI&M^i^ 
20 A-Zn-Y^' (3b) 

TtH^ (4 a) •r^$n^V^^^>'e7A>ft:^#;<i:^HJ^;:$ii:. ^RfS^i-^tl^ 
Z^-Mg-Z^ (4a) 

m'Vh^o ] 

^Mi^#ffiT.. Mff3^j;5:?M^#i<h> Tta^ (2) -Vm-^n^ih^mt. 
R-X , (2) • ■ 
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5 18'. mmm-^^. mmxitmm^-^^^^^t^mmt.T^. m^miriz 
10 ■ ■ . • • ■ . ■ 
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been estabhshed in respect of certain claims under Article 17(2)(a) for the following reasons: 
Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. □ Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

The matter common to a group of inventions of claims 1-5 ^ a group of inventions 
of claims 6-10, a group of inventions of claims 11-16, and a group of inventions 
of claims 17-21 is a process for the production of aromatic compounds which 
comprises reacting a specific halide or sulfonic ester compound with an aromatic 
metal compound in the presence of an iron catalyst and a diamine, but this 
process is publicly known as disclosed in Document A-B cited in the later 
Box and is thus still at the level of prior art. Therefore, the process is 
not a special technical feature as provided for in PCT Rule 13-2- 

Such being the case, there is no technical relationship among the four 
(continued to extra sheet) 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

^- I ^ I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



□ The additional search fees were accompanied by the applicant's protest. 

□ No protest accompanied the payment of additional search fees. 
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